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In MEMORIAM.—FIELDING BRADFORD MEEK. 


THE readers of this Journal were informed in the January 
number of the death of Mr. F. B. Meek, the eminent Paleon- 
tologist. He died at Washington, D. C., on the 21st of Decem- 
ber, 1876, having only a few days before completed his 59th 
year. He had been in ill health for several years past, and in- 
deed almost all his life, for his malady was inherited phthisis 
pulmonalis. It had been his habit for several years, to spend 
the winter in Florida, and the summer months in the Alleghany 
Mountains. He had made preparation to leave Washington for 
Florida early in December, but was taken with hemorrhage of 
the lungs on the day before the one set for his departure. From 
this attack he never rallied, but gradually sank to a peaceful 
and quiet death. During his last sickness he was constantly 
sameked and eared for by his scientific and other friends, resi- 
dent in the city ; and when the end came, they bore him to his 
grave with sincere sorrow. 

Mr. Meek was born in the city of Madison, Indiana, on De- 
cember LUth, 1817. His grand parents were Irish Presbyterians, 
who removed from the county Armagh to this country about 
the year 1768, and finally settled in Hamilton county, Ohio. 
His father, together with his family, removed from there to 
Madison, where he was a lawyer of considerable eminence. 
The family, including those born in Madison, consisted of the 
parents, two sons and two daughters, besides Fielding, all of 
whom were dead several years before his own decease. The 
father died when the son who was to become so distinguished 
was only three years old, leaving the family in moderate cir- 
cumstances, 
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His early youth was spent in the city of his birth. His educa- 
tion was greatly interfered with by the delicate condition of 
his health. Upon reaching manhood, by advice of his friends 
and against his own inclination, for he was of a studious and 
retiring disposition, he invested his small patrimony in mercan- 
tile business, first in his native place, and afterward in Owens- 
boro, Kentucky. The result was financial failure and loss of 
all he possessed. A fter this, while laboring for his support and 
struggling with ill health and poverty, he continued his studies, 
general and special, for he began early to devote himself to 
natural history. His first public work was during the years 
1848 and 1849, and was performed as an assistant of Dr. D. D. 
Owen, upon the United States Geological Survey of Iowa, 
Wisconsin and Minnesota. 

Having closed this work, he returned to his home in Owens- 
boro; but soon after, in the year 1852, went to Albany, New 
York, as assistant to Professor Hall in the paleontological work 
‘of that State. He remained there until 1858, saving three sum- 
mers. T'wo of these summers were spent on the Geological 
survey of Missouri; the other, that of 1853, in exploring the 
Bad-lands of Nebraska, together with Dr. F. V. Hayden, both 
being commissioned by Professor Hall for that work. Three 
years after this exploratioa, he prepared for publication, in 
conjunction with Professor Hall, an important memoir on 
Cretaceous fossils from Nebraska. This was published, with 
illustrations, in 1856, in the Memoirs of the American Academy 
of Arts and Sciences, of Boston. 

In 1858, Mr. Meek left Albany and took up his residence iti 
Washington, where he resided until his death. During all this 
time, he made his home, and the place of his scientific labors, 
except when in the field, at the Smithsonian Institution, and it 
was within its halls that the greatest part of his scientific life- 
work was accomplished. 

The association which he formed with Dr. Hayden in 1853, 
was tacitly continued until Mr. Meek’s death. When Dr. Hay- 
den commenced his explorations in the Western Territories, 
and afterward organized the Geological Survey of the Rocky 
Mountain region, Mr. Meek was entrusted with all the Inverte- 
brate paleontology, much of which appeared under their joint 
names. The most important of these joint publications was 
the “ Paleontology of the Upper Missouri,” published by the 
Smithsonian Institution in 1865, and admitted by all to have 
been the most thorough and exhaustive work of the kind that 
had been produced in the United States. During the contin- 
uance of this connection with Dr. Hayden, Mr. Meek accom- 
plished many other very important works. Among the more 
noteworthy of these are, the invertebrate paleontology of the 
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Illinois State Geological Survey (published jointly with the 
Director, Mr. A. H. Worthen); that of the Ohio State Geologi- 
cal Survey; a part of that of the California Survey; that of 
several of the western exploring expeditions, besides those of 
Dr. Hayden’s surveys of the Territories. 

It was the custom of Mr. Meek to publish preliminary de- 
scriptions of his new species, and afterward elaborate and illus- 
trate the subjects for final publication. These preliminary 
papers were published mainly in the Proceedings of the Phila- 
delphia Academy of Natural Science, while his reviews, and 
— on the higher groups were largely published in this 
Journal. 

Only a few months before his death Mr. Meek finished what 
he considered to be the most important of work his life, namely: 
A Report on the Invertebrate Cretaceous and Tertiary Fossils of 
the Up er Missouri Country. This work constitutes volume 
IX of the quarto series, of the U. S. Geological Survey of the 
Territories, and contains more than 600 pages of text, and 45 

lates. 

Of the character of Mr. Meek’s scientific labors, it is only 
necessary to speak briefly. Thoroughness, scrupulous exact- 
ness, and nice powers of discrimination, are manifested in all 
his labors; and, with such merits, his works will shed lustre 
upon his name as long as paleontology shall be studied. No 
one in America has done more than he, to systematize and 
advance the science to which he devoted his life. 

His personal character cannot be too highly eulogized, for it 
was without a blemish. He was a genial, sincere, pure-minded, 
honorable man. Gentleness and candor were apparent in every 
expression of his face, and in every word he uttered ; but he was 
seli-reliant, and ready at all times to stand up and defend what 
he believed to be right; and with his keen sense of justice, he 
was seldom mistaken as to what was right. He was never in 
vigorous health and often ill; but never complaining, always 
hopeful, always cheerful, always at the work he loved so well, 
always helpful of others. His hearing began to fail in early 
manhood, and the affliction increased until he became entirely 
deaf, several years before he died. Even when cut off from 
conversation with his fellow men his cheerfulness did not forsake 
him; but he seemed to derive great pleasure from written com- 
munication with his friends. He was never married, and leaves 
no near relatives; but all with whom he was ever brought in 
contact will remember him with pleasure, while to those who 
were permitted to enjoy scientific intercourse or correspondence 
with him during his hie, his memory will be especially dear. 

Cc. A. W. 
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Art. XX.—Notes on the Age of the Rocky Mountains in 
Colorado; by A. C. PEALE, M.D. 


In the “ Report upon Geographical Explorations and Surveys 
west of the 100th Meridian, in charge of Lieut. Geo. 
Wheeler, vol. iii, Geology,” Prof. John J. Stevenson, on the 
“Structure and age of the Rocky Mountain System,” in Chap- 
ter XVII of his report, makes the following statement (p. 501): 
“The Rocky Mountain system, then, is the result of four es- 
pecially marked upheavals, the first at the close of the Carbon- 
iferous, the second at the close of the Trias, the third at the 
close of the Cretaceous, and the fourth during the Tertiary. 
Of these, the first and third were the most general in their 
effects.” 

These conclusions he deduces from his investigations during 
the season of 1873, in the “area embraced between the meridians 
of 105° and 107° west from Greenwich, and between the north 
latitude 39° 45’ and the southern boundary of Colorado, giving 
a length of one bundred and ninety miles, and a breadth of 
about one hundred and six.” (p. 307.) 

My duties, as one of the Assistants of Dr. Hayden’s Geologi- 
cal Survey of the Territories, have taken me over the same 
area, and as far west as the meridian of 109° 40’. From m 
study of this region, and the results of the work of my col- 
leagues on the Survey, I am led to conclusions differing 
from those reached by Prof. Stevenson in revard to the age of 
the Rocky Mountains in Colorado. The data obtained are, 
however, too few to enable us to extend the generalizations to 
the entire Rocky Mountain system. 

The first statement of Prof. Stevenson that I shall consider is 
the following. ‘The first great epoch of accelerated disturb- 
ance in the Rocky Mountain region, resulting in permanent 
elevation of the surface, was synchronous with that during 
which the Appalachian chain was completed.” (pp. 499, 500.) 

He bases this statement upon the following facts (?): 

1st. The occurrence of Paleozoic strata high up on the flanks 
of the mountains and the absence of the Trias in the interior, 
and the abutting of the Cretaceous against the Paleozoic, (with 
the exception of the E]k Mountains.) p. 499. 

2d. The want of conformability between the Paleozoic rocks 
and the Mesozoic rocks. (p. 499.) 

I will take these up in order: 

1st. The ocenrrence of Paleozoic strata and the absence of the Trias 
in the Interior. I use the name Triassic to denote the Red Beds 
that have been so called generally in the west. It is so used by 
Prof. Stevenson. Prof. Stevenson says, (p. 499): “In the in- 
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terior* no rock of more recent origin than the Carboniferous is 
involved in the main axes.” Again he says, (p. 495): “In the 
main portion of this second group (including Blue River Range, 
Park Range, Sangre de Cristo and Spanish Range, and Ar- 
kansas or Saguache (Sawatch) Range, see pp. 490, 491,) no 
rocks occur of later date than the Carboniferous, which with 
the underlying Silurian may be traced along the eastern face 
to the Blue River.” 

On the west side of South Park, the sedimentary formationst 
are present from the Primordial to the top of the Cretaceous, 
all conformable and dipping to the eastward, extending from 
the summit of the Park an eastward into South Park. I 
grant that on the summit and slopes of the Range, the entire 
series is not seen, but simply because the range has been sub- 
jected to erosion. At some places only Silurian beds are seen 
and at others both Silurian and Carboniferous. Commencing 
at the summit of the range and going eastward into the Park, 
we find, with the exception of faulting in the Carboniferous 
and Silurian strata, which probably occurred in Post Cretaceous 
time that the formations succeed each other in regular order. 
The sequence is uninterrupted. It is true that when we com- 
pare the dip of the Carboniferous rocks on the range, with the 
dip of the Cretaceous out in the park, that it is not precisely 
the same, but we must remember that the outcrops are three or 
four miles apart. The inclination in both cases is in the same 
direction, and if the Cretaceous beds were continued to the sum- 
mit of the Range as they did originally, weshould find them con- 
formable to the Carboniferous; and were we to siuk a shaft at 
the base of the Cretaceous outcrop in the Park, we should 
doubtless note the conformability of the Cretaceous with the 
underlying Paleozoic strata. When we cross the upturned 
edges of the strata we find no uncomformability.t 

Crossing the Park Range to the Arkansas Valley, we find 
no sedimentary beds on the eastern front of the Sawatch 
Range. As pointed out by Dr. Hayden § and myself} in 1878, 
the sedimentaries of the Park Range once extended uninter- 
ruptedly to the Sawatch Range, but have been removed by 
erosion. Prof. Stevenson is himself of the same opinion. He 
savs (p. 492): “It is clear then that the Paleozoic rocks, the 
same with those found on the Park Range, at one time reached 
unbroken from South Park to the Arkansas or Saguache 
(Sawatch) Range. How terrible was the erosion which not 

* He does not explain what he means by the interior, but I take it to mean the 
interior of his district. 

+ Wherever I speak of the entire sedimentary series I mean the sedimentary 
series as known in the West. 


d See Report of U. S. Geol. Survey for 1873, pp. 38-47, pp. 212-239. 
Report U. S. Geol. Survey, 1873, p. 39. | Ibid., p. 246. 
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only cut away these rocks but also tore out and removed the 
metamorphic rocks to a depth of 6,000 feet along this valley of 
the Arkansas.” 

He restricts the sedimentaries to the Paleozoic. Why could 
not this erosion have removed not only the Paleozoic but also 
the Mesozoic strata? When we go to the north end of the 
Sawatch Range we find the entire series, from Lower Silurian 
to Upper Cretaceous, present. It is true that the lower strata 
project beyond the upper, thé latter having been removed by 
erosion. Starting at one of the Archean peaks at the northern 
end of the range and going northward, we meet first with a bed 
of quartzite, probably Primordial. This forms the capping of 
the spur, and at Eagle River disappears from sight beneath the 
beds forming the bluffs on the north side of the river. In the up- 
~ portion of these beds which are conformable to the quartzite, 

obtained, in 1878, Carboniferous and Permian fossils.*  Fol- 
lowing the outcrops down Eagle River, we find appearing, one 
after the other, the other members of the series, Trias, Jura and 
Cretaceous, resting on the Carboniferous in regular order and 
conformable.t On the west side of the Sawatch Range the 
entire series is again seen towards the north.t The lines of out- 
crop can be traced from Eagle River to the Elk Mountains. 
Between the Elk Mountains and the Sawatch Range there is a 
gap occupied by the Upper Gunnison, or Taylor River, in 
which the Sedimentaries are absent. Were it not for the Elk 
Range, in which we have the result of eruptive action, the 
sedimentary rocks would be seen dipping away from the 
Sawatch Range to the westward and becoming horizontal in 
the plateau region.§ 

The upheaval of this range, with the subsequent erosion, 
has so modified the beds and removed so much material, that 
it is difficult at first sight to understand the relations of the 
sedimentary series to the metamorphics of the Sawatch Range. 
We must always make allowances for enormous erusion in this 
region. There are evidences of it on all sides in the Sawatch 
and Elk Mountains. 

In Southwestern Colorado and Northern New Mexico, the 
Triassic is also present. (See Report of Macomb, Geology, by 
Newberry : also Cope, pp. 981-1017, Report of Chief of Engi- 
neers, Part II, for 1875.) Mr. Holmes and myself have also 
identified the Red Beds in Western and Southwestern Colorado, 
and in the forthcoming Reports of the Survey they will be 
described. 

I think I have shown that the Red Beds (Triassic) are 

* Report U. 8. Geol. Survey, 1873, p. 245. 

Report U. S. Geol. Survey, 1874, pp. 79-84. 

Report U. S. Geol. Survey, 1873, pp. 245, 266. Report for 1874, p. 80. 
Report U. 8. Geol. Survey, 1874, p. 54. 
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present not only in the interior but also west of the mountains, 
and that where the Paleozoic rocks alone show, the overlying 
rocks have been removed by erosion. 

2d. The want of conformability between the Paleozoic Rocks and 
the Mesozoic Rocks. I have already noted the conformability of 
the Paleozoic and Mesozoic in the Park Range, and on the 
north and west sides of the Sawatch Range. Prof. Stevenson 
(pp. 886, 497, 499, 500) notes unconformability between Meso- 
zoic and Paleozoic along the Eastern Range, (F7ont 07 Colorado 
Range,) on the interior axes of elevation, and in the southern 
part of his area, in the San Juan Mountains, and near Tierra 
Amarilla, New Mexico. Speaking of the Front Range, he 
says: “‘ Along the Eastern Range no Carboniferous rocks were 
exposed at any locality visited by me, but they have been seen 
elsewhere by others. They must be quite unconformable to the 
Trias, as it overlaps them very greatly.” Along the Front 
Range the Carboniferous shows only where the overlying 
Triassic has been eroded away, and whatever unconformability 
there is, is an unconformability of subsidence and not of up- 
heaval. The difference of dip between the Paleozoic strata 
and overlying Mesozoic is caused by an abrupt fold and the 
erosion of portions of the strata. Prof. Stevenson does not 
seem to remember that as we recede from the axis of elevation 
the dip of the rocks diminishes, and that if the more steeply 
inclined portion of the Mesozoic rocks be removed, as we 
recede from the mountains we meet only with the edges of the 
strata where they are becoming horizontal, and that the older 
layers below also flatten out in the same manner. I have already 
shown the conformability in the interior. 

In the reports of Dr. Newberry* and Prof. Cope,+ I can find 
no evidences of the unconformability in the southern portion 
of the San Juan Mountains and about Tierra Amarilla. 

Dr. Endlich sayst that in his district, “although the Creta- 
ceous beds dip off, apparently uniformly, in the same direction 
(with Carbonip-rous) unconformabilities were noticed in several 
instances.” These he thinks were due to a gradual rising of 
that portion which was then land. I am inclined to explain it 
by the subsidence which, as I hope to show fartlier on, occurred 
over so large a portion of what is now Colorado. 

The next statement of Prof. Stevenson that I shall consider 
is, that “The second epoch of elevation began toward the close 
of the Triassic.” (p. 500.) 

This he bases on the unconformability between the Trias and 
the Cretaceous, which he observed along the Eastern Range at 

* In Macomb’s Report on the Exploring Expedition to the junction of Grand 
and Green Rivers. 


t In Report of Chief of Engineers, Part II, 1875. 
Report U. S. Geol. Survey, 1874, p. 215. 
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Golden, near Colorado Springs, and near Cafion City (pp. 490, 
500), and also in Huerfano Park. Near Colorado Springs we 
have the following section.* Resting on the Archzan rocks 
are Silurian and Carboniferous rocks dipping eastward about 
10°. Going eastward we next meet with Triassic red sand- 
stones, standing on edge, or inclined past the vertical. From 
the Trias to the Dakota group of the Cretaceous the dip de- 
creases to 40°, and this gradually diminishes eastward until at 
Monument Creek itis only 4°. At first sight there would appear 
to be unconformability, especially close to the Mountains, but 
the beds are conformable, and the varied dips show the presence 
of an abrupt fold, which is somewhat obscured by the subse- 
quenterosion.t The same thing occurs near Golden, (see section 
18 on plate opp. p. 136, Report U.S. Geol. Survey, 1873.) Mr. 
Marvine says,t ‘“ Within exceedingly short distances, then, 
great changes of dip may occur, and from them, with but 
slight changes of exposure, unconformability might be inferred. 
Yet all are perfectly conformable; the sudden change really 
indicating only a very abrupt flexure in the main fold, as 
indicated by the dotted lines.” Near Cafion City, neither Dr. 
Hayden, Dr. Endlich, Mr. Holmes, nor myself have noted any 
unconformability. The other cases are probably similar to 
those of Golden and Colorado Springs. 

What I now wish to show is that in Colorado the evidence 
exists that there was a subsidence commencing in, or prior to 
the Carboniferous, and continuing through the Triassic, Juras- 
sic, Cretaceous and into the Tertiary. This may have been, and 
doubtless was interrupted by oscillations, but the general move- 
ment was depression until the close of the Cretaceous, when 
there were probably local elevations. A general gradual eleva- 
tion of the whole West is not incompatible with local depression 
in Colorado. There are evidences that the upward movement 
began in Cretaceous time, but as pointed out by Dr. Hayden 
and Dr. Newberry the elevation of the Rocky Mountains took 

lace between the close of the Cretaceous and that of the 
iocene Tertiary. 

From a study of the Carboniferous rocks in Colorado, we 
learn that during the earlier part of the Carboniferous age deep 
seas prevailed with large continental areas or islands. As the 
time progressed the seas became shallower and encroached more 
and more upon the land, which was composed mainly of 
Archean rocks. 

The Coal-measure rocks at the northern end of the Sawatch 
Range denote in their structure, the proximity of land during 

* Report of U. 8. Geol. Survey, 1873, pp. 201-205. 


See sections opp. p. 40, Report of U. 8. Geol. Survey, 1874. 
Report of U. 8. Geol. Survey, 1873, p. 136. 
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their deposition. They also show that they were derived from 
the degradation of Archean rocks.* West of the Rio Dolores, 
in 1875 and 1876, I noted Upper Carboniferous rocks resting 
on the Archean, and in the lowest bed, which was a coarse con- 
glomerate, I noted large angular fragments of granitic rock ex- 
actly like that upon which the bed rested. Ascending, I noticed 
the beds becoming finer, showing that the shore line had 
advanced to the eastward. Farther east the red beds (Trias) 
rest on the Archean for at least 20 miles (the length of the 
Unaweep Cafion) and probably more, with no older sedimen- 
taries between them. 

In New Mexico, Dr. Newberry found the Carboniferous rocks 
resting on the granite, with evidences of terrestrial surfaces near 
by when they were formed.t 

It is evident therefore that there was Archean land above 
the level of the Carboniferous sea, and that it was subsiding as 
the age progressed. 

This subsidence continued through Mesozoic time. Along 
the eastern front of the Colorado or Front Range, with one or 
two exceptions where they have been removed by erosion, the 
Red Beds (Trias) rest upon the granite, (see Reports of 1873.) 
At the base of the series, Mr. Marvine found conglomerates of 
which he says, “It is in these lower parts, indeed, that the 
beds are so directly made up of the material of older rocks 
near by that a very little metamorphism has in some instances 
made it difficult to distinguish small masses of sandstone from 
the underlying granites."{ In my own district, south of Mr. 
Marvine’s, I found the lower bed of the Trias, a light colored 
conglomerate, containing pieces of unchanged granite. Above 
this conglomerate, the sandstones became fine-grained and 
uniformly red in color,§ showing that the shore line had pro- 
gressed westward. In South Park the Red Beds nowhere rest on 
the granite; for, on the east side, the Dakota group rests on it, 
while on the west side the Paleozoic rocks are inter- 
posed as I have already stated. Continuing the section west- 
ward to the Elk Mountains we again find Paleozoic strata be- 
neath the Trias, but south of the Elk Mountains both the Trias 
and the underlying Paleozoic are absent, and the Cretaceous is 
superimposed on the granite. Following down the Gunnison 
we find the underlying rocks coming in gradually until the 
Red Beds show resting on the granite. West of the Elk 
Mountains, between the Gunnison River and the Rio 
Dolores. the Trias rests on the granite, gradually thicken- 
ing as we go westward. No lower strata are seen until 

* Report U.S. Geol. Survey, 1873, pp. 243-245, and Report of 1874, pp. 114-120. 


+ Report Expl. Exped. to junction of Grand and Green Rivers, pp. 17 and 42. 
¢ Report U. S. Geol. Survey, 1873, p. 96. § Ibid., pp. 194, 195. 
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we get within about five miles of the Dolores, when Upper 
Carboniferous strata appear, with every evidence that a 
shore line once existed there. The outcrop of Red Beds 
resting on the granite is exposed to view continuously 
for more than 20 miles. The fact that the Red Beds thin 
out and disappear as we go east, and that the Jurassic does the 
same until the Cretaceous alone rests on the granite, points to 
the fact that the sea was gradually encroaching on the land, 
and there must have been a subsidence here extending into 
Cretaceous time. South of the Gunnison River are small 
areas of Archeean rock where trachytic flows rest upon them 
with no sedimentaries interposed, and in others the Archean 
= project through the trachyte forming isolated granite 
ills. 

In South Park, on the west side as I have already said, the 
entire series of sedimentaries from Primordial to the top of the 
Cretaceous is present, while on the east side the Dakota group 
rests on the granite. Prof. Stevenson acknowledges that there 
was subsidence during the formation of the Triassic rocks, as 
far as the Front Range is concerned. He says, (p. 500), “In 
this region there was a subsidence during the deposition of the 
Trias which affected the interior little, if at all, for over the 
greater portion of that area the Trias is altogether wanting.” 
Again he says, (p. 490), “In South Park the Cretaceous rocks 
rest directly upon metamorphic rocks, and are themselves more 
or less altered. At no locality were they seen resting upon any 
sedimentary rocks older than themselves.” I have shown that 
Triassic rocks show at more than one locality in the interior. 
On the east side of South Park the Dakota Group rests on the 
granite, with shales above it containing well defined Cretaceous 
fossils. On the west side the Dakota Group rests on Jurassic 
shales, beneath which are the massive Red Beds of the Trias.* 

Under the head of Carboniferous, Prof. Stevenson refers to 
exposures of coarse sandstones and siliceous limestones on the 
west side of the Park extending 8 miles east of the mountains, 
(p. 373), and under the head of Cretaceous he says, “In South 
Bark the Cretaceous rocks occupy a synclinal trough, lying 
east from Fair-Play, and extending from the mountains at the 
north to very near the southern boundary of the park, (p. 389).” 
He does not appear to have seen the Jura and Trias between 
the Cretaceous and Carboniferous in South Park (see Reports 
U. S. Geol. Survey for 1873). or if he did, failed to recognize it, 
as I can find no reference to them under his heading Triassic 
and Jurassic, (pp. 378-382.) 

In Middle Park, Mr. Marvine found the No. 1, Cretaceous 


* Report U. S. Geol. Survey, 1869, p. 79, and Report for 1873, pp. 38-47 
pp. 212-239. 
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(Dakota Group) resting on the granite on both sides of the 
Park.* Following these outcrops farther north, in 1874, he 
found both Jurassic and Triassic beneath the Cretaceous on the 
granite, and on the west of the Park Range the whole series of 
sedimentaries is preseut.t Speaking of Middle Park he says,t 
“As was first distinctly pointed out by Newberry (Amer. 
Assoc. Meeting, Newport, R. L, 1860, also later Proc. Amer. 
Assoc., Aug., 1873, p. 185, etc.), east of the range, so here in 
the Middle Park, the general aspect of the formation as a 
whole is that of a ‘circle of deposition,’ an encroaching shore 
line deposit of sandstones attending slow submergence, fol- 
lowed by a deeper water sediment forming slates and shales, 
but not reaching sufficient depth or attaining the proper condi- 
tions to develop extended limestone deposits; in turn followed 
by a shallowing sea with more arenaceous accumulations.” 
The area of Middle Park, therefore, must have been above the 
level of the Triassic sea, whose shore line was north of the 
park but gradually encroaching on it, so that in Cretaceous 
time the subsidence was sufficient to allow the deposition of the 
Cretaceous rocks. 

Prof. Stevenson says, (p. 500), “It is probable that following 
this upheaval [at the close of the Trias] an extensive subsidence 
took place’ over our whole area to admit of the deposition of 
the Cretaceous, which occurs not only on the plains but along 
all the old interior synclinal troughs and in the southwest 
region. The close of the Cretaceous was marked by violent 
disturbance throughout the greater portion of our area. Along 
the edge of the plains the ip of the rocks is from 10° to 20°, 
though in some localities the action was excessive, turning the 
strata on edge or pushing them over at.Golden and the Garden 
Gods. In South Park a well defined synclinal was pro- 

uced.” 

By referring to the sections in the Reports of the U. S. Geol. 
Survey for 1873 and 1874, it will be seen that the Lower 
Tertiary | is conformable to the underlying Cretaceous. In 
South Park toward the northern end, in 18738, I found Lower 
Tertiary fossils in beds resting on the granite toward the east.§ 
What the relations were to the Cretaceous at the west I was una- 
ble to determine on account of volcanic action. At some points 
along the eastern front of the Colorado Range, the Lower Tertiary 
overlaps the Cretaceous and rests on the granite.f In Middle 


* See sections opp. p. 192, Report U. S. Geol. Survey, 1873. 

+ Unpublished geol. map of Colorado, U. S. Geol. Survey. 

i Report U. 8. Geol. Survey, p. 156. 

It is best to state here that by Lower Tertiary I mean the debatable Lignitic 

Group which Prof. Stevenson regards as Cretaceous. 

§ Report U. S. Geol. Survey, 1873, p. 219, and section Fig. 1, Plate VI 
opp. p. 212. 

{ See line of coal outcrop map of base of mountains opp. p. 40, Report U. 8. 
Geol. Survey, 1874. 
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Park Mr. Marvine found the Lower Tertiary and the underlying 
Cretaceous conformable except at one point.* In southwestern 
Colorado the Cretaceous and Tertiary appear to be conformable, 
while in the northwestern part of the state the strata were 
apparently conformable from the base of the Cretaceous to the 
middle of the Miocene. This may be because of the distance 
from the axis of elevation, the elevation not being sufficient to 
lift the area above the sea-level at the end of the Lower Ter- 
tiary. I have no evidence in any of my districts of any violent 
action at the close of the Cretaceous. The apparent uncon- 
formabilities at Golden and near Colorado Springs have already 
explained. There are, however, evidences in some portions of 
Colorado, of disturbance toward the close of the Cretaceous; 
but it is not until the end of the Lignitic Period that we find 
evidences of a geological break.¢ There was probably, as indi- 
cated by Hayden and Newberry, an elevation commencing in 
early Tertiary time, for the marine deposits of the Tertiary 
change gradually to fresh-water deposits as we ascend, but 
there was no marked action until the close of the Lignitic. 
There must have been a subsequent depression, for east of 
South Park near Florissant, we find Miocenet strata resting on 
granite, with no older beds beneath,§ and on the Colorado 
divide, the Miocene rests ou the granite of the Front Range 
and on the upturned edges of older strata. The lowest beds 
here, also, were evidently made from the material derived from 
the adjacent mountains. In Middle Park, Marvine found 
Tertiary beds resting on the granites and on Cretaceous shales, 
occupying all the lower basins. ‘Near the borders of these 
areas these beds often plainly show that their material was 
derived from the adjacent rock, often being of coarse gran- 
itic or schistose débris, or of the lignitic sandstones worked 
over.’’|| 

From what I have written, I think it is evident that in 
Colorado, at the close of the Carboniferous, instead of an eleva- 
tion there was subsidence commencing at some period prior to the 
close of the Carboniferous, and continuing through the Triassic, 
Jurassic, and Cretaceous into Tertiary time. 

At the close of the Trias we have no evidence of a second 
epoch of elevation. The close of the Cretaceous was not 
marked by violent disturbance. 

I agree with Prof. Stevenson that during the early Tertiary 
time there was great volcanic activity in Colorado. 

* Report U. S. Geol. Survey, 1873, p. 156. 

Report U.S. Geol. Survey, 1873, p. 157. 

{ By Miocene I mean beds of the age of the Green River formation lying below 

the Bridger Group. 


Report U. S. Geol. Survey, 1873, p. 210. 
Report U. S. Geol. Survey, p. 157. 
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The following conclusions are, I think, fairly deduced from 
the facts as noted in Colorado: 

Ist. In very early time in Colorado there was Archzean land 
rising above the Paleozoic sea. As the Carboniferous age pro- 
gressed this land diminished by encroachment of the sea, due to 
subsidence of the land. This subsidence continued through 
Triassic, Jurassic, and Cretaceous time into the early Tertiary. 

2d. At the close of the Lignitic there was a physical break 
followed by a subsidence (at least locally) and subsequently by 
elevation, after the deposition of the Miocene strata. 

3d. The elevation of the Rocky Mountains as we now see 
them in Colorado, is the result of an elevation commencing in 
early Tertiary time, and continuing through the period, accel- 
erated perhaps at the close of the Lignitic, and after the de- 
position of at least Lower Miocene strata.* 

The elevation of the mountains was probably gradual as a 
general movement. 

It is an interesting fact that Colorado has a higher mean 
elevation than any other State or Territory of the United 
States,t+ and that we find there the highest mass of mountains, 
and that the evidence points to the fact that in Paleozoic time 
also we had here one of the highest areas, thus confirming 
what Dr. Newberry has already intimated,} that the outlines of 
the western part of the North American Continent were out- 
lined from earliest Paleozoic time. 


ArT. XXI.—On some Points in connection with Vegetation ; by 
Dr. J. H. GILBert. 


[Concluded from page 111.] 


Is the nitrogen combined under the influence of the soil with or 
without the aid of manures, the source of the assimilated nitrogen 2— 
But if the plant itself cannot either assimilate free nitrogen, or 
effect its combination so as to bring it into a state for its use, 
may not such combination take place under the influence of 
the soil? 

More than thirty years ago, Mulder argued that in the last 
stages of decomposition of organic matter in the soil, hydrogen 
was evolved, and that this nascent hydrogen combined with 
the free nitrogen of the air, and so formed ammonia. 


* This elevation is probably going on at present also. 

+ List of Elevations, by H. Gannett, U. 8. Geol. Survey, Miscel. pub. No. 1, 3d 
edition, p. 47. 

¢ See Ives Exploring Expedition, Geol. Rep., p. 47, also p. 57 of Macomb’s Ex- 
ploring Expedition to the junction of Grand and Green Rivers. 
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A few years ago Dehérain substantially revived this view. 
He maintained that at a certain depth the air of the soil is poor 
in, or destitute of, oxygen; that hydrogen is evolved from the 
decomposing organic matter; that it unites with free nitrogen 
to form ammonia; and, that so, combined nitrogen increases 
in the soil in spite of the growth and removal of crops. This 
view he supports by some laboratory experiments. 

It is obvious that if the reality of this action in soils were 
unquestionably established, it would greatly aid the solution 
of the question we are discussing. There, are, indeed, results 
of others on record which would seem to lend it probability. 

Thus, Bretschneider found, on exposure of a mixture of 
humic acid and quartz sand to the air for a whole year, under 
conditions in which it was protected from rain and insects, that 
there was a gain of combined nitrogen which would represent 
an increase of more than 40 lbs. per acre. 

Again, Boussingault exposed a moist garden soil for three 
months, and found a aoe gain of nitrogen. His explanation, 
was, however, different. He supposed it possible that ozone 
might be evolved in the oxidation of organic matter in the 
soil, and unite with free nitrogen, and so nitric acid be pro: 
duced, and the soil gain in combined nitrogen. In other ex- 
periments Boussingauit put mixtures of vegetable mould and 
pure sand in small quantities in large glass vessels which he 
perfectly closed and preserved in a dark cellar for a whole 

ear. Atthe end of that period oxidation of organic matter 

ad taken place, nitric acid was found, but there was upon the 
whole a small loss of combined nitrogen. Lastly in regard to 
Boussingault’s results bearing upon this point, it has already 
been shown that in all of his experiments with plants in which 
his soils consisted of ignited pumice, ignited brick, or the like, 
without organic matter, he found no gain of combined nitro- 
gen in soil and plant. In 1858 and 1859, however, he made a 
number of experiments on growth, in which part of the soil 
consisted of rich garden mould; and in two cases with lupins 
growing in confined air, and in one with haricot growing in 
free air, his results showed a notable gain of combined nitro- 
gen: and although the quantity of garden mould employed 
was not the same in the three cases, the gain of nitrogen was 
approximately in proportion to the amount of soil used. The 
gain was, indeed, in the soil rather than in the plant. In the 
other experiments, however, either much less, or no gain was 
indicated. 

Much more recently, Boussingault has published the results 
of experiments which showed that when a garden soil was con- 
fined for about eleven years in closed glass vessels in an atmos: 
phere containing oxygen, the free nitrogen did not serve for 
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the formation of nitric acid within it; but, on the contrary, the 
soil lost a portion of its combined nitrogen. . 

Since the delivery of this lecture, M. Berthelot (Compt. 
Rend., t. Ixxxii, p. 1357) has stated that in experiments in 
which he exposed moistened cellulose to an electric current in 
an atmosphere of nitrogen, he found nitrogen taken up, and a 
fixed nitrogenous body formed. Referring to the last men- 
tioned experiments of M. Boussingault, and his conclusions 
from them, M. Berthelot objects that the soils being in closed 
glass vessels, the intervention of atmospheric electricity was 
excluded, and the conditions of the experiments were, so far, 
unlike those of a natural soil. 

Being very desirous to know the present opinion of M. 
Boussingault on the various points involved in this important 
question of the sources of the nitrogen of vegetation, I wrote 
to him shortly after undertaking to give this address, and asked 
whether he would be kind enough to favor me with a state- 
ment of his views on certain points. Unfortunately his reply 
did not reach me until after the delivery of the lecture; but, 
with his permission, I am now enabled to contribute a very 
valuable addition to the discussion in the form of a translation 
of the more essential parts of M. Boussingault’s letter. He 
says :— 

“(1.) In confined stagnant air, or in air moving through a 
closed apparatus, after previous purification, but still contain- 
ing carbonic acid, plants growing in a soil destitute of nitro- 
genous manure, but containing the mineral substances indis- 
pensable for the vegetable organism, do not assimilate the 
nitrogen which is in a gaseous state in the atmosphere.” 

“(2.) In the open air, in a soil destitute of nitrogenous man- 
ure, but containing the mineral substances necessary for the 
vegetable organism, plants acquire very minute quantities of 
nitrogen, arising, no doubt from minute proportions of fertiliz- 
ing nitrogenous ingredients carried by the air, ammoniacal 
vapors, and dust, always containing alkaline or earthy nitrates.” 

“(3.) In confined stagnant air, or in air renewed in a closed 
apparatus, a plant growing in a soil containing a nitrogenous 
manure, and mineral substances necessary for the vegetable 
organism, or in fertile vegetable earth, does not assimilate free 
nitrogen.” 

“(4.) In field culture, where dung is applied in ordinary 
quantities, analysis shows that there is more nitrogen in the 
crops than was contained in the manure applied.” 

“This excess of nitrogen comes from the atmosphere, and 
from the soil.” 

- 4 From the atmosphere, because it furnishes ammonia 
in the form of carbonate, nitrates or nitrites, and various kinds 
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of dust. Theodore de Saussure was the first to demonstrate 
the presence of ammonia in the air, and consequertly in 
meteoric waters. Liebig exaggerated the influence of this 
ammonia on vegetation, since he went so far as to deny the 
utility of the nitrogen which forms a part of farm-yard manure. 
This influence is, nevertheless, dk and comprised within 
limits, which have quite recently been indicated in the remark- 
able investigations of M. Schlésing.” 

“(B.) From the soil, which, besides furnishing the crops 
with mineral alkaline substances, provides them with nitrogen, 
by ammonia, and by nitrates, which are formed in the soil at 
the expense of the nitrogenous matters contained in diluvium, 
which is the basis of vegetable earth; compounds in which 
nitrogen exists in stable combination, only becoming fertilizing 
by the effect of time. If we take into account their immensity, 
the deposits of the last geological period must be considered as 
an inexhaustible reserve of fertilizing agents. Forests, prairies, 
and some vineyards, have really no other manures than what 
are furnished by the atmosphere, and by the soil. Since the 
basis of all cultivated land contains materials capable of giving 
rise to nitrogenous combinations, and to mineral substances, 
assimilable by plants, it is not necessary to suppose that in a 
system of cultivation the excess of nitrogen found in the crops 
is derived from the free nitrogen of the atmosphere. As for 
the absorption of the gaseous nitrogen of the air by vegetable 
earth, I am not acquainted with a single irreproachable obser- 
vation that establishes it; not only does the earth not absorb 
- gaseous nitrogen, but it gives it off, as you have observed in 
conjunction with Mr. Lawes, as Reiset has shown in the case of 
dung, as M. Schlésing and I have proved in our researches on 
nitrification.” 

“If there is one fact perfectly demonstrated in physiology, 
it is this of the non-assimilation of free nitrogen by plants; 
and I may add by plants of an inferior order, such as myco- 
derms, and mushrooms.” 

Numerous experiments of Schlésing indicate a similar result 
to that last quoted of Boussingault. He selected a soil rich in 
humus, containing about 16 per cent of moisture, and 0:263 
per cent of combined nitrogen. Known quantities of it were 

laced in large wide glass tubes, and during a period of about 
our months, he aspirated over them air containing respec- 
tively from 1°5 to 21 per cent of oxygen. He determined the 
carbonic acid in the air passing off, and the nitric acid in the 
soil before and after the experiment. He found that both the 
combustion of the organic matter, and the formation of nitric 
acid, were very considerable, even with the lowest proportion 
of oxygen in the air; but that the formation of the nitric acid 
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in particular was very much the greater, the larger the propor- 
tion of oxygen in the air. 

In a second set of experiments, he used the soil in a moister 
condition ; and instead of the experiment in which the air con- 
tained only 15 of oxygen, he employed pure nitrogen; and 
the experiments extended over a period of about six months, 
In the case in which the aspirated air contained no oxygen, 
the whole of the nitric acid previously existing in the soil dis- 
appeared ; but in the other cases there was a considerable for- 
mation of nitrie acid. 

In a third set of experiments, Schlésing determined the 
nitric acid in the soils, and added known quantities of potas- 
sium nitrate in a dilute solution. The mixture was enclosed 
in a flask of several times the capacity of the volume of soil. 
At the conclusion of the experiment only traces, if any, of gas 
containing hydrogen and carbon were present in the air of the 
vessel. The amount of ammonia in the soil increased con- 
siderably, but in only small proportion to that which the nitric 
acid would yield. At the end of the first experiment more 
potassium nitrate was added, and an atmosphere of known 
volume and composition supplied. At the conclusion of this 
experiment the soil contained no nitric acid; the amount of 
ammonia was increased, but again in only small proportion to 
the amount which the nitrate would yield. There was indeed 
_a loss of total nitrogen in the soil. 

Schlésing concludes that the combustion of organic matter 
in the soil is accompanied by a loss of nitrogen: that the com- 
bustion may be at the cost of the air as in the experiment of 
Boussingault, or at the cost of nitrates, of ferric oxide, or of 
the oxygen of organic matter, as in his own experiments. 

It will be seen that on this important point of whether or 
not the soil may acquire combined nitrogen either in the form 
of ammonia by the combination of free nitrogen with nascent 
hydrogen evolved in the decomposition of organic matter in 
defect of oxygen, or in the form of nitric acid by the oxyda- 
tion of free nitrogen, the evidence is, to say the least, conflict- 
ing. The more recent results of Boussingault, and those of 
Schlésing, would, however, indicate a greater probability of a 
loss of combined nitrogen, and evolution of free nitrogen. 

Judging of the probabilities by reference to some of the re- 
sults of our own investigations, we think that they are rather 
against than in favor of the supposition that there is any 
material gain of the kind assumed by Mulder and Dehérain. 
It may be well, however, briefly to call attention to some few 
facts which seem to bear upon the point, whether in favor, or 
otherwise, of the view in question. 

Am. Jour. SeErizEs, Vou. XIII, No. 75.—Makrca, 1877, 
13 
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The action assumed by Mulder and Dehérain, if it have 
place at all in soils in their natural condition, would be sup- 
posed, and is assumed, by Dehérain, to occur in layers suf- 
ficiently deep to be poor in oxygen. In the lower layers of 
the soil there is, however, a deficiency of carbonaceous organic 
matter also. Again, if such formation of ammonia do take 
place, it is probable that some at any rate of it must be oxi- 
dized into nitric acid; a condition which, on the other hand, 
implies an atmosphere not poor in oxygen. Thus, numerous 
results of analysis of the drainage water from many of the ex- 
"pane plots at Rothamsted, to which further reference will 

e made presently, show that nearly the whole of the combined 
nitrogen in the drainage collected at a depth of about thirty 
inches, exists as nitrates and nitrites; which, obviously, would 
hardly be the case if the solution passed through a considera 
ble layer of soil, the interstices of which contained an atmos- 
phere poor in, or destitute of, oxygen. 

Again, assuming such formation of ammonia to take place in 
the upper layers of the soil, where there is the most organic 
matter, and much oxidation of it, the supposition would be 
that the conditions would favor oxidation rather than the for- 
mation of ammonia from free nitrogen; and the fact of the 
formation of a good deal of nitric acid by the oxidation of 
nitrogenous organic matter, or ammonia, in the surface soil, 
is sufficiently established. 

Further, if it were to the action assumed by Mulder and 
Dehérain taking place in the upper layers of the soil that we 
owe the supplies of combined nitrogen available to leguminous 
and other plants which assimilate so much more of it over a 
given area than the Graminee, the question may be asked— 
why cannot the Graminez avail themselves of this superficial 
supply? On this point it may be mentioned that, on some 
parts of the experimental wheat and barley fields at Rotham- 
sted, farm-yard manure has been applied year after year, for a 
quarter of a century or more, in quantity containing perhaps 
six or seven times as much nitrogen as is removed in the in- 
crease of crop, and that thus the percentage of nitrogen in the 
surface soil has been more than doubled. Yet, as large a pro- 
duce of barley, and a larger produce of wheat, is annually 
obtained by the use of very much smaller quantities of nitrogen, 
as ammonia-salts or nitrate. It would thus appear that the ni- 
trogen of the farm-yard manure was only available to the cereals 
after its transformation into ammonia or nitric acid. Unfortu- 
nately, we are not at present able to adduce direct experimental 
evidence as to the condition in which the large amount of ineffi- 
cient nitrogen exists in tne soil, or as to whether a leguminous 
crop would or would not grow luxuriantly in it, but there is 
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little doubt that it would do so. On the other hand, a good 
crop of clover would appear to be attainable in soil comparatively 
poor in nitrogen in its upper layers, and comparatively poor in 
organic matter also; for, in the experiments already referred to 
in which barley was grown after barley and after clover, the 
large amount of clover obtained, and nitrogen assimilated in it, 
was after six corn crops grown by artificial manure alone ; con- 
ditions under which the amount, both of available nitrogen, and 
of organic matter, in the upper layers of the soil, would be sup- 
posed to be comparatively small. 

The answer of Dehérain would probably be, that under the 
circumstances supposed, the nitrogen would be in a condition 
of combination not favorable for assimilation by the Gramines ; 
that, in fact, the ammonia formed would combine with organic 
acids in the soil, yielding compounds specially favorable as food 
for the Leguminose. An objection to this view is, that if the 
accumulation in the soil by time, of nitrogen in a condition 
specially favorable for the Leguminosz were such as is here 
assumed, we should expect the amount of nitrogen in the soil, 
determinable by the soda-lime process, to be higher before than 
after the growth of a leguminous crop ; whereas, on the contrary, 
after the growth of a leguminous crop, the amount of nitrogen 
so determinable in the upper layers of the soil is very apprecia- 
bly increased. 

The evidence in favor of the supposition that the special 
source of nitrogen to the Leguminose is ammonia, or other 
compounds than nitric acid, in the upper layers of the soil, is 
then, to say the least, inconclusive. It remains to consider 
whether it may not be nitric acid, either in the soil or in the 
subsoil ? 

As already said, there is abundani evidence of the formation 
and existence of a considerable amount of nitric acid in surface 
soils; even in such as contain a relatively high amount of car- 
bonaceous and nitrogenous organic matter. For example, a 
soil at Rothamsted which has been under garden cultivation, 
and as such probably manured almost every year for centuries, 
has successfully grown clover every year for more than twenty 
years. This soil was shown by the late Dr. Pugh, and has 

een again recently by Mr. Warington, to contain a consider- 
able amount of nitric acid. But such a soil would, there is no 
doubt, grow large crops of Graminez also; which direct ex- 
periments show to attain great luxuriance under the influence 
of artificially applied nitrates. But such a rich garden soil. 
contains an abundance of every thing—mineral constituents, 
carbonaceous organic matter, and combined nitrogen in various 
forms, and thus the exact conditions which it supplies favor- 
able to the Leguminose cannot at once be discriminated. 
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The fact of the comparatively little, or at least uncertain action 
of directly applied nitrates on the growth of the Leguminose, 
would seem to be inconsistent with the supposition that it is 
the nitric acid in such a surface soil that has given it its special 
adaptation for the growth of clover for so many years—unless, 
indeed, it be the case, that it is much more available to such 
crops when in combination with some bases than with others. 
he next point to consider ix, whether there are any facts in 

favor of the supposition that clover, and leguminous crops 
— acquire any material proportion of their nitrogen in 
ower layers, and in a more extended range of the soil, than 
the Graminee. As an element in the discussion of this ques- 
tion, it will be well in the first place to call attention to the 
effects of direct nitrogenous manures, such as ammonia-salt, or 
nitrates, on the growth of some of our crops. 

In Table VIII is shown the estimated amounts of carbon, 
— per acre per annura, in wheat over twenty years, ,in 
arley over twenty years, in sugar-beet over three years, and 
in beans over eight years; each with a complex mineral 
manure alone, and each with the same mineral manure and 
iven quantities of nitrogen in addition, supplied in some cases 
mn the form of ammonia-salts, and in others as nitrate. The 
gain of carbon by the use of the nitrogenous manure is also 
given. 


TABLE VIII.—Zstimated yield and gain of Carbon per acre, per annum, in experi- 
mental Crops at Rothamsted. 


Average Carbon 
per acre, 
Manuring, Quantities per acre, per annum. per annum. 
Actual | Gain. 
Wheat 20 years, 1852-1871. 
Ibs Ibs. 
Complex Min. Man. and 41 lbs. nitrogen, as ammonia --......-- 1590 | 602 
Complex Min. Man. and 82 lbs. nitrogen, as ammonia --......-. 2222 | 1234 
Complex Min. Man. and 82 Ibs. nitrogen, as nitrate ............ 2500 | 1512 


Barley 20 years, 1852-1871. 
(Complex Mineral Manure ...........-.----.-.-..----------- | 1138 


Complex Min. Man. and 41 Ibs. nitrogen, as ammonia -.-..--..- 2088 | 1150 ! 
Sugar-Beet 3 years, 1871-1873. 

Complex Min. Man. and 82 Ibs. nitrogen, as ammonia -......--- 2634 | 1498 

Complex Min. Man. and 82 lbs. nitrogen, as nitrate -..........- | 3081 | 1945 


Beans 8 years, 1862 and 1864-1870. 


Common Mineral Manure 726 
Complex Min. Man. and 82 Ibs. nitrogen, as nitrate _........... 992 


266 
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It is quite evident that in the case of the gramineous crops, 
wheat and barley, which contain a comparatively low per- 
centage of nitrogen, and assimilate a er small 
amount of it over a given area, and also in that of the sugar- 
beet, there was a greatly increased amount of carbon assimi- 
lated by the addition of nitrogenous manure alone. In the 
case of the wheat, there is much more effect from a given 
amount of nitrogen supplied as nitrate, which is always applied 
in the spring, than from an equal quantity as ammonia-salts, 
which are applied in the autumn, and are subject to winter 
drainage. here is also more effect from ammonia-salts 
applied to barley than to wheat; the application being made 
for the former in the spring and for the latter in the autumn. 
There is again more effect from the nitrate than from the 
ammonia-salts when applied to sugar-beet, the application 
being made in both cases at the same date, in the spring. . 

On the other hand, the effect of the nitrogenous manure 
upon the highly nitrogenous bean crop is seen tu be, compara- 
tively, very insignificant. 

In reference to this point, it should be observed that there 
has been this greatly increased assimilation of carbon in the 
wheat and in the barley for more than twenty years, without 
the addition of any carbon to the soil. It is indeed certain 
that, in the existing condition of our soils, the increased growth 
of our staple and starch-yielding grains is greatly dependent 
on a supply of nitrogen to the soil. It is equally certain that 
the increased production of sugar in the grammeous sugar- 
cane, in the tropics, is likewise greatly dependent or the supply 
of nitrogen to the soil. 

In reference to the great increase in the assimilation of car- 
bon in the sugar-beet by the use of purely nitrogenous 
manures, it may be of interest to observe that over the three 
years of the experiments with sugar-beet, the increased produc- 
tion of sugar per acre per annum was about 20 cwts. by the 
use of 82 lbs. of nitrogen per acre per annum as ammonia-salts, 
and about 28 ewts. by the use of 82 lbs. of nitrogen as nitrate 
of soda. 

It is then our characteristically starch and sugar-producing 
crops that are the most characteristically benefited by the 
application of nitrogenous manures; while our highly nitro- 
genous leguminous crops are comparatively little benefited by 
such manures. 

Proportion of nitrogen of manure got back by the increase of 
crops.—But now let us consider what is the proportion of the 
nitrogen supplied in manure that we get back in the increase 
of the crops that are most specially benefited by its use? 

In Table IX is shown the amount of nitrogen recovered, and 
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the amount not recovered, in the increase of crops for 100 sup- 
plied in manure, to wheat, and to barley, respectively; the 
result being in each case the average over a period of twenty 
years. 


TaBLE IX.—Nitrogen recovered, and not recovered, in the increase of Produce, for 
100 supplied in Manure. 


For 
100 Nitrogen in 
Manure, 


Manuri uantities per acre, per annum. ae 
ng, quan P pe Recov. | Not Re- 
ered in covered 


Incr’se.| 


Wheat 20 years, 1852-1871. 


Complex Min. Man. and 41 Ibs. nitrogen, as ammonia 
Complex Min. Man. and 82 lbs. nitrogen, as ammonia 
Complex Min. Man. and 82 lbs. nitrogen, as nitrate 


Barley 20 years, 1852-1871. 


|Complex Min. Man. and 41 lbs. nitrogen, as ammonia -._.-.__-- | 48-1 | 51°9 | 


Speaking generally, it may be said that, nothwithstanding 
the great effects produced by the nitrogenous manures, two- 
thirds of the nitrogen supplied were unrecovered in the increase 
of crop when the ammonia-salts were applied to wheat; the ap- 
plication being made in the autumn. When, however, nitrate 
of soda was used, which is always applied in the spring, the 
quantity left unrecovered was not much more than half that 
supplied. With barley also, the manuring for which takes 
place in the spring, there is again nearly half the nitrogen sup- 

lied in the manure recovered in the increase, and therefore 
ittle more than half left unrecovered. 

It may be observed that, in the case of root-crops, when the 
supply of nitrogen is not excessive, the proportion of the nitro- 
gen of the manure recovered in the increase may be much greater 
than in the case of the cereals; while in the case of the Legu- 
minose the effects of such direct application of soluble nitro- 
genous manures to the surface soil is comparatively so small, 
and so uncertain, that it would be useless to give an estimate 
of the amounts recovered and not recovered respectively. 

But what becomes of the one-half or two-thirds of the nitro- 
gen supplied for the increased growth of the cereals, but not 
recovered in the increase of crop? Dr. Frankland and Dr. 
Voelcker have made numerous analyses of the drainage water 
from the experimental wheat plots which have yielded the results 
above referred to, and a summary of their results is given in 


Table X. 
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TABLE X.—Nitrogen as Nitrates and Nitrites, per 100,000 parts of Drainage Water 
from Plots differently manured, in the Experimental Wheat Field at Rothamsted, 
Wheat every year, commencing 1844. 


Nitrogen as Nitrates and Hiprites, per 100,000 
ater. 


parts Drainage W 
Manuring, 
Quantities per acre, per annum. Dr. Frankland’s| Dr. Voelcker’s M 
Results. Results. ean. 
| 
Farm-yard 4 | 2 1°606 6 | 
‘Without 6 |0°316 5 (0390! 11 | 0°353 
Complex Mineral Manure ---------- 6 | 0°349 5 0506; 11 | 0-428 
Complex Min. Man. and 41 lbs. 
nitrogen, as ammonia 6 | 0-793 5 0°853) 11 | 
Complex Min. Man. and 82 lbs. 
nitrogen, as ammonia .....---- 6 | 1477 5 | 1°400 ll 
Complex Min. Man. and 123 Jbs. 
nitrogen, as ammonia .....--.- 6 | 1:951 56 |1°815 
Complex Min. Man. and 82 lbs. 5 | 1-039 5 11835! 10 11-437 


nitrogen, as nitrate -..-.------ 


The figures in the Table conclusively show that the quantity 
of nitrogen as nitrates per 100,000 parts of the drainage water, 
increased in very direct — to the increase in the amount 
of ammonia or nitrate supplied, and it is obvious that there has 
been a considerable loss of the nitrogen of the manures by 
drainage. But as the subsoil rests upon chalk not many feet 
below the surface, and there is, therefore, natural drainage con- 
stantly going on, even when there is no flow from the pipes, it 
is impossible accurately to estimate the total amount of drainage, 
and therefrom the total amount of loss. Other experiments at 
Rothamsted, however, lead to the conclusion that, according to 
season, from one-quarter to nearly one-half of the annual rain- 
fall may pass below 40 inches. Now, supposing drainage water 
to contain one part of nitrogen as nitrates per 100,000 age of 
water, an inch of rain passing beyond the reach of the roots 
would carry with it 24 ibs of nitrogen per acre; and it is obvi- 
ous that if from seven to ten inches passed annually of that av- 
erage strength, the loss would be very great. In reference to 
this point it is of much interest to observe, that in the Report 
of the River’s Pollution Commission already referred to, Dr. 
Frankland gives a series of analyses of land drainage waters 
collected at Rothamsted, at depths of twenty, forty, and sixty 
inches, respectively ; and those collected at twenty inches, al- 
most invariably show much more nitrogen as nitric acid than 
those taken at either forty or sixty inches. It would thus ap- 

ear to be indicated that a considerable amount of nitric acid 
as been arrested in the soil below the depth of twenty inches. 
Further, determinations of nitrogen in the soils do show some 
accumulation. Indeed, it would appear probable, that the whole 
of the nitrogen applied to the wheat as ammonia salts or nitrate 
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of soda, was either recovered in the increase of crop, or may be 
accounted for by determinable accumulation within the soil, or 
by loss by drainage. 

In ordinary agriculture, the amounts of soluble nitrogenous 
manures applied would generally be much less than in some of 
these special experiments; and the losses by drainage would 
from that cause alone be proportionately less than that shown 
above. Much, obviously, would also depend upon the charac- 
ter of the soil and of the subsoil. Again, in an ordinary rota- 
tion of crops, more of the supplied nitrogen would probably be 
gathered up before it besa the lower layers, than in the case 
of a cereal crop grown year after year on the same land. It 
may be safely concluded, however, that whenever cereals were 
grown, a material proportion of the nitrogen specially applied 
to, or existing in the soil, which would be available to other 
crops, would not be so to them; but would in the first instance 
accumulate in the surface soil, and gradually pass into the lower 
layers in the form of nitrates, to be eventually lost by drainage 
if not arrested by some other crop. 

The question obviously arises, whether we have not here a 
source of some at least of the nitrogen available to leguminous 
or to other plants having possession by their roots of a greater 
range of subsoil than the Graminez. We have evidence enough 
that although wheat and barley send roots down very deep into 
the subsoil, and pump up moisture from the deeper layers, they 
nevertheless derive much of their nitrogen within the surface 
soil. If the Leguminosz do not so readily do so, or at any rate 
naturally depend more upon the nitrogen in the lower layers 
for a considerable proportion of that which they require, and 
moreover are able to avail themselves of the residue from the 
manuring for other crops, what is the nature of the problem 
that we may have to solve to elucidate this point? 

By way of illustration it may be mentioned that, supposing 
a leguminous crop to acquire 100 lbs. of nitrogen per acre from 
a layer of subsoil three feet in thickness, weighing approxi- 
mately 10,000,000 lbs. (exclusive of stones and water), this 
would represent only ‘001 per cent of nitrogen so acquired in 
such subsoil; 200 lbs. of nitrogen per acre so available would 
represent ‘002 per cent, and so on. Now, even supposing tvat 
the nitrogen existed in the subsoil in such a condition as to be 
converted into ammonia in the process of combustion with soda- 
lime, the difference between one subsoil containing this, or even 
a larger amount of nitrogen, more than another, could not with 
certainty be determined by that process; for, in taking say 16 
or 20 grams of the subsoil for combustion, the difference be- 
tween two or more determinations could not be expected to be 
less than some units in the third decimal place (per cent); that 


| 
\ 


J. H. Gilbert— Points in connection with Vegetation. 198 


is, in fact, equal to the total amount that may be in question as 
between two subsoils to be compared. Further, if this avail- 
able nitrogen exist in the subsoil as nitrates, it may be a ques- 
tion whether there would be a sufficient amount of organic 
matter present to insure the evolution as ammonia of the nitro- 
gen of the nitric acid. 

It has been shown, then, that there are many questions still 
open for investigation in regard to the relations of the surface 
soil to combined nitrogen ; and there are obviously also equally 
important points to investigate in regard to the nitrogen of the 
subsoil, before we can hope to arrive at a satisfactory solution 
of some of the problems which the consideration of the facts of 
vegetable production which have been adduced, suggest for 
enquiry. Nor are the problems still open connected with the 
amount, and the condition, of the mineral food of plants within 
the soil, either few, or without special, and indeperdent interest. 
And although those relating to the nitrogen seem to call for 
the first attention, the marked effects, so far, of potash manures, 
in increasing the amount of nitrogen assimilated over a given 
area by the Leguminosae, seem to indicate the probability that 
even the difficulties connected with the sources of the nitrogen 
of our crops may not be solved without further knowledge as 
to the required conditions, or the actions, of the incombustible 
or mineral constituents in soils. 

More extended investigation required.—Our results in regard 
to the variations in the amount of nitrogen in the soils and sub- 
soils of our different experimental plots, obtained by the soda- 
lime process, together with the results already referred to, re- 
lating to the composition of the drainage water from plots 
variously manured, as well as others of quite a different kind, 
have shown the absolute necessity for an extended investigation 
of the soil question by more exact methods; and Mr. Warington 
is about to devote, probably some years, to this enquiry at 
Rothamsted. It is proposed that the questions relating to the 
nitrogen in subsoils should be the ‘irst considered, since. if the 
results do throw light upon some of the points at present in 
doubt, a definite step in advance will be so gained ; and should 
they not do so, the ground will thus be cleared of certain obvi- 
ous suppositions, and the course of further research will be the 
more clearly indicated. But if the amount of nitrogen to be 
discriminated should prove to be represented by only units in 
the third decimal place per cent, say ‘002 for example, it is ob- 
vious that to get as little as four milligrams involved in the 
analysis. 200 grams of soil would have to be operated upon. 
The difficulties of the problem are thus sufficiently obvious. 
But, by the aid of the processes of water and gas analysis which 
have been explained by the President in his opening address, 
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there is little doubt that they can be overcome, at any rate so 
far as the nitrogen existing as nitric acid is concerned; and by 
the kindness of Dr. Frankland, Mr. Warington is at the present 
time gaining experience in the use of those methods, in the lab- 
oratory of the College of Chemistry, before entering upon this 
special investigation at Rothamsted. 

But even supposing we arrive at a satisfactory solution of 
the, at present, unsettled points in regard to the sources of the 
nitrogen yielded in agricultural production, when, as in the 
experiments to which attention has been directed, we have a 
soil to work upon which already contains accumulations of com- 
bined nitrogen amounting to several thousands of pounds per 
acre within the range of the roots of our crops, further questions 
in regard to the nitrogen may still be left open, namely,—to 
what actions a large proportion of the existing combined nitro- 
gen may be attributed; and what in particular is the exact 
source of the accumulations of it in our soils and subsoils? And 
here it may be observed, in passing, that determinations made 
at Rothamsted have shown approximately the same percentage 
of nitrogen in the Oxford-clay obtained in the recent Sub-Weal- 
den exploration boring at a depth of 500 and 600 feet, and in 
the subsoil at Rothamsted, taken a depth of about 4 feet only. 

It is not within the scope of the present discourse to discuss 
fully what is known of the actual or possible sources of the 
already existing combined nitrogen, the special object of the 
enquiry being. as intimated at the commencement, to bring to 
view the facts relating to the yield of nitrogen in agricultural 
ng pee which the extended period of the investigations of 

r. Lawes and myself have enabled us to establish, and to point 
out the relation of this to the various known or supposed sources 
of present periodic supplies, so as to indicate what points seem 
the most urgently to demand further investigation. In the 
papers already referred to, we have more fully considered what 
was known of the various actual or possible sources of the 
combined nitrogen which we know to exist, and to circulate, 
in land and water, in animal and vegetable life, and in the at- 
mosphere, and we have pointed out how little was established 
of either the actual or the relative importance, in a guantstative 
sense, of the various actions by which it is admitted that free 
nitrogen may in nature be brought into combination. I may, 
however, observe that M. Boussingault and M. Schlésing have 
quite recently made interesting contributions to the discussion 
of this subject. (Compt. Rend., t. Ixxvi, Ixxx, ]xxxi, and 
]xxxii). 

But whatever may be the origin of the existing combined ni- 
trogen, or whether or not the agencies of its formation are more 
or less active now than during the earlier history of the earth 
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and its atmosphere, the question arises whether, assuming the 
origin to be independent of the direct action of vegetation, the 
large accumulations within our soils and subsoils, admits of any 
reasonable explanation? On this point it may be remarked, 
that ages of forest growth, or of the growth of natural herbage 
only grazed by animals, would doubtless leave the soil richer 
year by year; as the amount annually lost to it would probably 
be less than even the small amount known to be annually de- 
posited from the atmosphere, in temperate regions, at the present 
time; and the accumulation would probably be greater still, 
were the amounts of combined nitrogen in the atmosphere, and 
brought down from it, greater than with us at the present time. 
Then, again, the influence on aqueous deposits of ages of sub- 
marine vegetation, and of the subsistence of animal life upon it, 
has to be considered. But a soil once broken up, and under 
arable culture, it is difficult to conceive of any system of agri- 
culture by which so little nitrogen as that hitherto quantita+ 
tively determined to be annually deposited from the atmosphere 
would be annually exported from the land. 

Conclusion.—And now, to summarize in a few words the re- 
sults of the whole discussion, I think the balance of the evi- 
dence points to the conclusion, that the answer to the question— 
what are the sources of the nitrogen of vegetation in general, and 
of agricultural productions in particular, is more likely to be 
found in the relations of the atmosphere, and of the plant, to 
the soil, than in those of the atmosphere to the plant itself. 

One word more in conclusion. I have, as explained at the 
outset, confined attention almost exclusively to one aspect of 
the great subject of vegetation ; but it will not be supposed that 
I have done so from any want of appreciation of the interest 
and importance of other lines of inquiry; and allow me, before 
closing to allude to a point which can hardly fail to suggest it- 
self on an inspection of the numerous organie compounds, made 
by transformation in the laboratory, which are collected in the 
Chemical Section of this Exhibition. Without in the least de- 
gree disparaging such work, I would ask whether some of those 
who have become masters of such transformations, might not 
with advantage, armed with the experience thus gained, now 
devote themselves to the study of the transformations going on 
within the plant and the animal? In other words, whether it 
would not be desirable, that some of the thought and labor now 
expended on transformations in the chemical laboratory should 
be transferred to the laboratory of nature? 
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Art. XXII.—Apparatus for quantitative Fat-extraction ; On the 
Composition of the Sweet Potato; On the Composition of Maize 
Fodder ; by S. W. Jonnson.— Contributions from the Sheffield 
Laboratory of Yale College.* No, XLII. 


I. Apparatus for quantitative Fat-extraction. 


THE apparatus consists of a glass tube A, of } to § in. bore 
and 6 to 7 in. long, narrowed at bottom to a bore of 4 in., and 
there fitted by a cork to a flask C, of 80 c. ¢. capacity, and con- 

. nected above by a cork with a reversed Lie- 
big’s condenser D. Within A a similar but 
smaller tube B is maintained free from the 
sides of the larger tube, either by three knobs 
of glass fused upon it where it begins to nar- 
row, by a support of platinum foil as in the 
figure, or by suspension with help of a wire 
looped around the upper part of B and a 
hook depending from the cork above it. B 
is closed below either by a plug of cotton or 
asbestus or else by a disk of filter paper sup- 
ported by one of muslin tied over its narrow 
and slightly flanged end. The substance to 
be extracted is introduced into B, 50 ¢. e. of 
ether or other solvent are placed in the flask 
and heat is applied to boil the liquid. Its 
vapor passes into the condenser, and there 
liquefies ; the liquid drops continuously upon, 
and percolates the contents of B, carrying 
into C any dissolved matters, whence it rises 
again as vapor to be again condensed and 
repeat the solvent action. 

The cooling must be effectual and the heat 

applied to the flask just sufficient to main- 

tain a regular cireulation of the solvent. B 

may be weighed with its contents, after clos- 

ing the end by means of corks or rubber 

caps. To dry its contents it may be connected at one end by 
means of a perforated stopper and tube to an apparatus for 
supplying pure hydrogen, at the other by a rubber tube several 
inches long and CaCl, tube to an aspirator, and may be heated 
by immersion in an inclined position in a bath of boiling water, 
while a slow stream of dry gas is transmitted. The loss in 
weight of B and its dried contents may in some cases give the 
amount of oil extracted more speedily and accurately than direct 


* The substance of these papers was read at the Detroit meeting of the Ameri- 
can Association for the Advancement of Science, in August, 1875. 
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weighing of the latter. For ordinary quantitative fat-estima- 
tions A and B may be made from stout test tubes. 

This apparatus is not only easier to construct and to handle 
than those which have a separate interior or exterior tube to 
carry up the ether-vapors, but has the additional advantage 
that the substance to be extracted is kept warm by being con- 
stantly surrounded with hot vapor. 

It is best to mount the apparatus so that it may be put into a 
somewhat inclined position if needful, as then by revolving the 
apparatus on the condenser tube D the stream of condensed 
solvent may be directed in succession on all parts of the con- 
tents of B and any channels that may fortn are easily broken up. 

In milk-analyses I have followed the fat-extraction by similar 
treatment with 80 per cent alcohol for the separation of sugar. 


II. On the Composition of the Sweet Potato. 


The Sweet Potato (Convolvulus batatas or Batatas edulis) is an * 
esculent of great value to the United States. It is not only at 
home in all the Southern States, but is produced in large quan- 
tities in Central New Jersey, and Central Illinois, latitude 40° ; 
and has been successfully raised in gardens in nearly the cold- 
est parts of New York, as well as in Maine and Southern 
Minnesota (St. Paul), in latitude 44° to 45°. It is probable 
that under northern cultivation varieties may originate more 
adapted to cold climates, so that were it needful its profitable 
cultivation might be extended several degrees of latitude 
northward, as is said to have happened in Europe with regard 
to maize, for which it is asserted that 46° north latitude was 
formerly the limit, whereas now it is cultivated nearly to 52°. 

The Sweet Potato is known in many varieties which differ 
widely in quality. Naturally, the kinds which are propagated 
at the north are less sweet and less highly flavored than those 
produced in a warmer climate. The New Jersey and Delaware 
sweet potatoes which are marketed in New England, though 
palatable and largely consumed, are decidedly inferior to the 
produce of Virginia. I am informed that sweet potatoes 
of excellent quality are raised in Southern Illinois, lat. 37°-38°, 
while those produced in Central Illinois, lat. 40°, are “ watery” 
and comparatively insipid. 

The sweet potato in highest repute at the north is the Nanse- 
mond, taking its name from the southeastern county of Vir- 
ginia, where it is said to have originated. The “ Nansemond 
Improved,” raised in Hanover Co., Va., is the finest variety of 
this esculent that has come under my notice. I am indebted 
to John Ott, Esq., of Richmond, Va., for abundant samples of 
this variety, the high quality of which has induced me to 
undertake its analysis. 
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The composition of the sweet potato has been studied by 
Proust, Einhof, Payen, Henry, Fromberg, and Antisell. 

Their analyses were mostly made by methods less perfect 
than those we now possess, and they differ from each other to 
a degree not explained by the variations in quality of the 
sweet potato itself, and some of them are evidently incorrect. 
Since there is to my knowledge no printed summary of these 
older analyses I have thought it worth while to reproduce them. 

As chemists are too well aware, no unexceptionable methods 
for separating or estimating some of the organic principles of 
our esculents have as yet been discovered. Since the tendency 
of newer researches points to the existence in plants of a 
series of isomeric il with the denser and maturer forms of 
cellulose at one extremity and dextrin at the other, with vari- 
ous celluloses, starches, amylodextrins and dextrins interme- 
diate, which defy separation and have long resisted identification, 
the best that can be done in proximate analysis is to follow 
some method conventionally agreed upon, by which fairly com- 
parable results may be reached. The analysis of the “ Nanse- 
mond Improved” was made essentially according to the plan 
adopted by the German Agricultural Experiment Stations, and 
the results have been for the most part verified by repetition 
and critical examination of the educts. This analysis has re- 
gard only to the more important food-principles, without refer- 
ence to traces of malic acid, ete., which have been reported in 
former examinations. 

For analysis, about 600 grams of the tubers were thinly sliced 
(in December, 1874), air-dried in a warm room and then pul- 
verized. Iu 5 grams of air-dry substance, water was estimated 
by three methods. 

1. By drying at 100° C. in a flask exhausted by the Bunsen- 
Sprengel pump. This method, which leads speedily to the de- 
sired result in case of other vegetable matters, e. g., maize-meal, 
hay, etc., required several days for bringing sweet-potato flour 
to a constant weight. 

2. By drying in air-bath at 125° C. This process speedily 
removes the water but occasioned browning of the substance. 

3. By drying at 100° in a stream of hydrogen, a method 
somewhat tedious but less so than 1, and now adopted by many 
of the German Experiment Stations. 

The three methods gave of loss on air-dry substance: 


1 7°19 per cent. 

9 6°90 
7°18 
754 


Average = 
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The total loss of water experienced by the fresh substance = 
73°39 per cent. 

Fat was extracted from the dried-residue of the water-estima- 
tion, by treatment with carbon disulphide in the apparatus 
before described. The process required twelve hours for com- 
pletion. Two trials yielded 0°26 and 0°31 of a soft yellow 
substance, appearing at first like a pure fat, but which to the 
feel and taste had more of the properties of wax than of the 
ordinary fats. It probably resides chiefly in the laticiferous 
tissue, whose yellow juice is evident on a fresh section of the 
sweet potato. 

An aqueous extract of the sweet potato was obtained by 
digesting four grms. of finely-pulverized air dry substance 
with nearly half a liter of cold water for tive hours and filter- 
ing. The residue was treated with a similar quantity of cold 
water for twelve hours more. Aliquot portions of the two 
extracts were separately evaporated in capsules and dried at 
212° F. The first extraction was practically complete, as the 
second digestion took up but 3 mgr., or a little more than ;5 
per cent of soluble matters. The total amount of solid aqueous 
extract, after deducting ash, was 7°94 per cent. 

The aqueous extract was brown in color and perfectly clear. 
Boiled, it gave a very slight precipitate, acids made it turbid, 
and Millon’s test gave a faint red tint to the liquid on heating. 
Todine gave no coloration. Basic lead acetate gave a copious 
—* separating in flocks on boiling, and in the filtrate 

ehling’s solution gave reddish-yellow precipitate on boiling. 
These reactions indicate presence of a trace of albuminoids, of 
gum* and of a glucose. They exclude starch, amylodextrin 
and dextrin. 

To effect proximate separation of gum and sugar, a portion 
of aqueous extract was evaporated to dryness, taken up in a 
very little water and treated with 80 per cent alcohol. Sugar 
was recovered by evaporation of the alcohol solution. As is 
known, this separation is a rough one. The sugar obtained 

ave on boiling with Fehling’s solution, at once, a copious 
ocky-red precipitate. Set aside in concentrated solution it 
showed no signs of crystallization. It therefore largely con- 
sisted of a glucose. Its amount was 6°86 per cent. The 
substance remaining insoluble after a second treatment with 
a which was mostly gum, was 108 per cent of the fresh 
tuber. 

Cellulose was determined by alternate treatment of the pow- 
dered substance with dilute (2 per cent) sulphuric acid and caustic 

* The term gum is used in a generic sense. The substance obtained appeared 
to have more nearly the characters of arabin than of pectin or other gummy body, 


being highly soluble in water. 
+ See Nageli, Beitrage ziir naheren Kentnisse der Starkegruppe, p. 103. 
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soda solution, in the usual manner. Combustion, with the 
mixture of equal bulks of sodium carbonate and slacked lime, 
ave 0°187 and 0:207 per cent of nitrogen, which multiplied 

a 6:25 leads to the content of albuminoids. Starch was esti- 
mated by difference. The summing up is as follows: 

Starch, by difference ............-.-.-. 15°06 

Sugar (levulose ?) 

Cellulose 

Fat and wax 


Table I includes all the analyses of the sweet potato that 
I have been able to find. 

In the older analyses, 1 to 6, the figures for starch and cellu- 
lose are of no value because they were the results of an 
attempted mechanical separation. In fact these analyses are 
worthless for any purpose, except as regards the water and 
sugar estimations. Fromberg’s figures for water are too excep- 
tional to have any claim to accuracy. 

As already mentioned, the figures in analyses 6 and 7 are so 
coincident in regard to several ingredients, and so plainly 
wrong in 6, as respects ash, that they must both be considered 
untrustworthy. hether the low amounts of water in 8, and 
of sugar in 9, and the high percentages of sugar in 8 and of 
starch in 9, are analytical errors or characterize the sweet 

otato in its different varieties, remains to be established by 
uture comparative investigations. 

In the common potato (Solanum tuberosum) a range of water 
content from 68 3 to 82°1 per cent, and of starch-content from 
15 to 26 per cent has been observed. 

In nutritive values the Hanover sweet potato and the com- 
mon potato on the average differ but little. Their comparative 
composition is as follows: 

Sweet potato. 
Albuminoids ....--.. 
Fat and wax ........ 0°38 
Carbohydrates 


100°0 
The average composition of the common potato is that given by 
Dietrich and Konig in their Zusammensetzung und Verdaulichkeu 
der Futterstoffe. 
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The sweet potato is possibly more easily digestible than the 
common potato, because of containing nearly 7 per cent of sol- 
uble sugar in place of a similar amount of starch. Its sweet 
taste is mentioned by European writers as a reason why it does 
not enter more largely into the produce of southern France, 
and probably for most inhabitants of temperate regions it does 
not relish so well in constant use as does the common potato, 
which, like bread, appears daily and twice daily on the tables 
of the Middle and New England States, as well as on those of 
England, Germany and France. The sweet potato is, however, 
in its best varieties a most inviting esculent, and perhaps “wears” 
better than any other vegetable save the common potato. Its 
juices are so rich in sugar that the tuber keeps poorly, for 
wherever the cuticle is broken, the common omnipresent fungi 
take root, under favorable conditions of temperature and 
moisture, and rapidly penetrate the tissues, producing dis- 
coloration and dry or wet rot. French authorities report that 
the potato-fungus, Peronospora infestans, attacks the sweet 
potato as vigorously as the common. 


III. On the Composition of Maize Fodder. 


The use of maize as a fodder plant is very extensively prac- 
ticed in this country as well as in South Germany and Austria. 
In the latter countries maize fodder appears to be uniformly 
regarded as a valuable resource to the farmer. In the United 
States, however, some excellent farmers have denounced it for 
various reasons ; some because of the difficulty of securing the 
crop, and others because of its supposed innutritious quality. 
In fact, chemical analysis has been employed to show that 
maize is a comparatively worthless fodder crop. 

These considerations induced me to undertake its investiga- 
tion, and I have been fortunate in finding highly suitable 
material on the farm of J. J. Webb, Esq., near ‘New Haven, 
Conn., as well as the most hearty assistance in preparing the 
fodder for analysis at the hands of that gentleman. Two sam- 
ples, raised from separate plantings and on separate fields, were 
placed at my disposal. The variety of maize was the Southern 
or Norfolk White; the seed was obtained from Long Island. 
No. 1 was raised on long tilled ground and inverted sod, with 
help of stable manure. No. 2 was taken from new ground, 
which had borne two rye crops, was seeded, had been in pasture 
for five years, was then plowed and had carried two successive 
crops of, corn fodder, of which it was of course the last. To 
the soil that yielded No. 2 no stable manure had ever been 
applied. No. 2 was sown 10 to 15 days earlier than No. 1, 
and was more mature at the time of cutting the samples, Sept. 
1st, 1874. 


{ 
} 
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In planting, three bushels of seed were sown per acre, in 
drills 24 inches apart. When harvested the stalks had an 
average height of 10-12 feet. Many stalks measured 14 feet 
in length. Their diameter was very uniform, rarely more than 
+1 inch at the base. 

The corn thus planted and growing under clean tillage was 
so mature and uniform that it admitted of easy and perfect 
curing, and yet at the same time was so tender and palatable 
that little or no loss occurred in feeding. When harvested the 
corn-fodder contained a good many imperfectly developed ears, 
some of them with nearly ripe kernels. 

The corn on cutting was set up in the field in large carefully 
made stooks, where it ct A until Nov. 11, when it was 
removed to the barn in good order. The samples were ob- 
tained by cutting off in each case an area of 10 feet square, 
including 5 rows and a length of 10 feet on each row. 

The stand of the crop was so uniform, both horizontally and 
vertically, as to ensure a very accurate result in sampling. 

Each sample was made into bundles which were at once 
weighed, labeled and set up in the field as parts of a stook. 
When the crop was housed the samples were again weighed. 
They remained in the barn until February, 1875, when the use 
of corn-fodder began for the winter. They were again weighed 
on February 8th, and immediately were run separately through 
a straw-cutting machine, which reduced them to half an inch 
lengths, and in that state were brought to the laboratory. 

ach sample was then carefully intermixed and weighed por- 
tions were taken for analysis. The portions were reduced to 
tolerable fineness by passing repeatedly through a sausage-cutter 
and by the use of shears, and for the nitrogen estimations were 
further pulverized by triturating with — quartz sand. 
The proximate analysis for water and cellulose was conducted 
as mentioned in the previous paper. “Ether extract” was 
obtained by the extraction apparatus already described. Ash 
was determined by incineration at a dull red heat in a platinum 
dish. 

The results of the analyses, calculated upon the material in 
the different stages of dryness in which it was weighed, are the 
following : 

Fresh cut. Field-cured. In Barn, Dried. 
Sept. 1, 1874. Nov. 11, 1874. Feb. 10, 1875. Water-free. 


85°04 27°59 26:92 53°76 54:95 
O74 476 362 304 2:24 4:95 


Albuminoids O78 497 3:79 318 234 687 6:19 
Fat, etc.,(ether extract) 0°28 022 155 107 099 066 214 1°46 
Cellulose (crude) 438 516 2476 26°18 15°81 15°52 3419 34:46 


Carbohydrates, etc., by 
i 6 8:06 36°37 39°42 23:22 24.29 60°23 63°95 


100°00 100°00 100:00 100°00 100-00 100°00 100°00 100-00 


— 
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The further examination consisted in extracting the pulver- 
ized fodder with water, evaporating the solution, to determine 
total quantity of soluble matters, redissolving in a little water 
and treating with 80 per cent alcohol to throw down gum. 

This treatment was carried out both with cold and fot water. 
The results were as follows, calculated on dry substance: 

Water. Water. 
Cold. Hot. Cold. Hot. 
149 22°27 2-01 26-54 
Ash ‘3100441 
Soluble in alcohol, starch, sugar, fat, etc.,....-- 1°48 21°51 
Insoluble in alcohol, gum *22 62 

The water extract gave a reaction with Fehling’s solution, 
showing the presence of a little sugar. The alcohol precipitate 
when redissolved in water gave no reaction with Fehling’s 
solution but contained a trace of albuminoid. 

Starch is carried into solution by boiling with water, and 
soluble gum is more completely extracted by the hot macera- 
tion of the imperfectly pulverized material. 

These laborious trials were not duplicated, and it is not fully 
established whether the absence of gum in 2 is the result of a 
possible error in analysis or the consequence of maturer devel- 
opment of stalks. The larger quantity of hot water extract in 
2 is not improbably due to the presence of seed kernels with 
abundant starch. 

The results agree fairly with the average of a number of 
analyses made of late years in Germany and Austria, which, 
however, doubtless refer usually to a much smaller plant and 


crop. 

The subjoined statement gives: A, the average of my two 
analyses; B, the average of the German analyses as given b 
Wolff, Fiitterungslehre, 1874; C, the average given by Dietric 
and Kénig, 1874. All refer to the fresh fodder. 


Ether extract (fat and wax) 
Cellulose 


100-00 100-00 


Total Yield.—The following figures give the gross produce of 
the two crops upon an area of 100 square feet as ascertained 
by Mr. Webb’s weighings, and also the produce, per acre, 
(found by multiplying these weighings by +#8$°) as well as the 

uantities of water and dry matter in the fodder at the several 
times of weighing. 


B. C. 
44 
Carbohydrates, etc. 10°3 12 
100-00 
(? 
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Crop 1. 


54,123 
184 
9,583 
2,244 
15,028 38-15 

Werner, Handbuch des Futterbaues, p. 602, gives the yield 
of uncured maize fodder in Germany and Austria in four in- 
stances, as follows: 50,000, 72,000, 72,000 and 52,800, or an 
average of 60,000 kilos. per hectare. This average equals 
53,440 lbs. per acre. One of the crops of 72,000 kilos. equal 
to 64,129 Ibs. per acre, made 14,000 kilos. of cured fodder, 
“maize hay,” equal to 12,470 lbs. per acre. The loss of water 
in curing was 804 per cent of the fresh cut maize. This indi- 
cates that the crop was thickly sown, probably on very rich 
ground, and was cut in a quite immature and watery state. 

It is noticeable that the less mature crop 1, weighed fresh 14 
tons more than 2, but when field-cured 2 was 870 lbs. heavier 
than 1. Crop 2, field-cured, contained 14 per cent more water 
and also 8 per cent more carbohydrates, etc., than1. The autumn 
weather during which the fodder stood in the field was excep- 
tionally fine and dry. After storing, the weather of the winter 
was very rainy and damp, and for that reason the loosely packed 
fodder gathered moisture, so that the average 5 tons of fodder 
as it was stored Nov. 11, became 8 tons as it lay in the barn 
Feb. 8, after exposure for three months to the damp winter air. 
This gain of water was greatest with 2, amounting to more 
than 34 tons for the produce of an acre, and being one-half as 
much water as the green fodder lost in field-curing, and as 
much as the field-cured fodder contained at the time of storing. 
Such variability in the water content of a harvested crop ap- 
pears to be unexampled. 

The objection urged against corn fodder that it is innutri- 
tious does not apply in respect to the total yield of dry matter, 
for to obtain 38 ;°,°5 (average of 34 and 3) tons per acre of dry 
matter from other forage, would require a crop of 4 tons of 
meadow hay, and 4} tons of clover hay, admitting these to con- 
tain 8 and 12 per cent of water respectively. 

As respects nutritious quality, the corn fodder is very differ- 
ent from meadow or clover hay. To make the nature of the 
difference evident, I subjoin the average analyses of the dry 
matter of German hay and maize fodder.§ ce an average of 
the two analyses of Mr. Webb’s corn fodder. 


* Nearly. + More exactly 15,3; lbs. More exactly 1775. 
§ From Dietrich & Kénig’s Zusammensetzung und Verdaulichkeit der Futterstoffe. 


=—205 
\ 
|| Crop 2. 
100 sq. ft. 1 Acre. 100 sq. ft. 1 Acre. 
Ibs. oz. “Tbs. tons. Ibs. oz. “Tes. 
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German. Mr. Webb’s. 
Meadow Red Maize Maize 
hay. clover. fodder. fodder. 


It is seen from the above figures that the German meadow 
hay and the German corn fodder are almost identical in com- 

sition. Clover hay differs from them in containing some 
our per cent more of albuminoid and four per cent less of 
carbohydrates. Mr. Webb's maize fodder contains but one-half 
as much albuminoids and fat as the German, while its cellulose 
and carbobydrates are each four to five per cent more. This 
difference between the two statements of maize fodder depends 
simply on the fact that most of the German analyses were 
made on less mature maize. Some of the German analyses 
give but 0°9 per cent of albuminoids in fresh fodder, the same 
result as in Mr. Webb’s 1 (0°88). 

How greatly age influences the content of albuminoids in 
forage plants is shown by the fact that meadow grass quite 
young as it is found in pasturage contains in its dry matter 
24 per cent of albuminoids, cut just before bloom 12 per cent, 
and at end of blossoming but 8 per cent. In case of both 
maize fodder and meadow grass the inferior quality of the 
older vegetation is compensated by their superior quantity. 

Such maize fodder as Mr. Webb produces is valuable when 
properly employed. Used as a substitute for meadow hay it 
would he pronounced, and deservedly so, poor cattle food, but 
as an ingredient of a properly compounded ration it has a high 
value. In New Eng a hay commands a high price in the 
cities and large towns, and is therefore adapted to sell off rather 
than to consume on the New England farm. The farmer can 
raise or buy Indian corn, cotton-seed meal, and other concen- 
trated foods, and combine them with coarse fodder to make a 
cattle food equal or superior to the best of hay, at less cost 
than is involved in feeding the latter. To throw cured maize 
fodder out in the cattle yard or to feed it in the stall as hay is 
fed, is likely to be highly wasteful. To attempt to sustain 
cattle on it alone or to employ it as an adjunct to hay is also a 
mistake. To use it profitably it must be finely cut and well 
mixed or alternated with maize or cotton-seed meal, bran, or some 
similar material which serves at once to ensure its large consump- 
tion and the full economy of its nutritive qualities. Maize-meal 
and similar articles contain too much albuminoids, fat and 
starch, for healthy and economical cattle food. Maize fodder 
coniains too little of these and too much coarse fiber. The 


Albuminoids—so-called flesh-formers 11°8 16°6 12°4 6:0 
Cellulose—woody fiber......-.-.------------ 29°9 30°1 29°3 34°3 
Carbohydrates, starch, gum, sugar, ete......... 47°9 43°2 479 §2°1 
| 
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mixing of the two in proper proportions enhances their separate 
value and makes a more perfect nutriment, and under New 
England circumstances doubtless an economical cattle food. 

The digestibility of cellulose in the alimentary apparatus of 
herbivorous animals has not only been amply i eee by 
numerous feeding trials in the agricultural experiment stations 
of Germany and Austria, but the relative digestibility of the 
cellulose and other food-elements of various kinds of cattle 
food has been the subject of repeated experiments. The 
method of these investigations consists in determining by 
chemical analysis the amount of cellulose, etc., contained in 
the ingested food and the amount that passes off in the solid 
excreta. The difference is the quantity digested. It has 
been found as the average of some 45 experiments on oxen, 
cows, goats and sheep, that 62 per cent of the cellulose of 
meadow hay is dissolved in the digestion of these animals and 
serves as food, while as the average of 18 trials but 464 per 
cent of the cellulose of red-clover hay is digested. In a 
single trial Moser found that 72 per cent of the cellulose of 
maize fodder was digested by sheep. One result is not con- 
clusive as to the comparative digestibility of maize fodder, 
because this quality is influenced by the maturing of the 
plant, and by the individuality of the animal, as well as by 
the proportion of food-elements in the ration; but it indicates a 
high nutritive power. 

oser’s results in regard to the other ingredients of maize 

fodder show that the sample he worked with was in all respects 
more digestible than the average meadow or clover hay, except 
these are cut before blossom, and was, roundly speaking, twice 
as digestible as the straw of the cereal grains. 

T am indebted to my friend and late assistant, E. H. Jenkins, 
M. A., for carrying out the details of the foregoing analyses. 


XXIIL.--On the Meteoric Stone of Rochester, Fulton County, In- 
diana; by CHARLES UPHAM SHEPARD, Massachusetts Pro- 
fessor of Natural History in Amherst College. 


A FALL of a meteoric stone took place at about 8:45 
Thursday evening of the 21st of December, 1876. The cir- 
cumstances connected therewith are drawn from several com- 
munications.* The first is from Professor Daniel Kirkwood, of 
Bloomington, Indiana, Professor of Mathematics in the Indiana 
State University, as published in the Indianapolis Journal. 
Professor Kirkwood's account says: “Last evening, Dec. 21, 


* See also this volume, p. 166. 
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about 8:45 o’clock, our citizens witnessed a meteoric display of 
extraordinary brilliancy. A fire-ball, described by many ob- 
servers as surpassing the moon in apparent magnitude, followed 
by a great number of smaller meteors, was seen in the northern 
heavens, moving in an easterly direction. Its first appearance 
was at a point 12° or 15° north of west, and about 10° above 
the horizon. Its greatest altitude, as seen from Bloomington, 
was about 18° or 20°, and its disappearance occurred at a point 
in the northeast, some 5° or 6° above the horizon. A remark- 
able feature of the meteoric group was the slowness of its 
aged motion. The time of flight was variously estimated. 

ost observers, however, think it could not have been less 
than three minutes. Many of the meteors following in the 
train of the principal bolide were larger than Venus or Jupiter. 
No attempt was made to count them, but their number was 
certainly nearly one hundred. Some minutes after the disap- 
pearance a rumbling noise was heard, which was supposed to 
result from the meteor’s explosion.” 

The second is from the Columbus (Ohio) State Journal. 

“A meteoric display, which, for singularity and war few 
persons in a lifetime have the good fortune to behold, was 
witnessed by six or seven persons, myself included, on the 
evening of the 21st inst., at just 9 o’clock. Four of us were in 
the caboose car, and two or three others on the engine of the 
freight train, due in Columbus at 9:20 P. M., on the Cleveland, 
Mount Vernon and Columbus Railroad, and within about four 
miles of the depot. At that point the track runs nearly north 
and south. The cluster or flock of meteors, from forty to sixty 
in number, varying in apparent size from a water-bucket down 
to the size of large apples, were seemingly huddled together like 
a flock of wild geese, and moved with about the same velocity 
and grace of regularity. The color of their light was a yellow- 
ish red, resembling the light from the red balls of fire thrown 
out by the explosion of some kinds of sky-rockets. There was 
no illumination, nimbus, or trail from them. The display wasa 
little below an angle of 45 degrees from our point of observation, 
and seemed not over a quarter of a mile distant from the rear 
end of our train. The course was from west to east, crossing 
the railroad at nearly right angles. The party on our engine, 
and our conductor, who was looking out of the rear window of 
our car, made the discovery at about the same moment, in a 
westerly direction. When seen by the rest of us, the meteors 
were just passing over the track and very slowly approaching 
the earth. I cannot pretend to put this statement in scientific 
form, having witnessed it from a moving train, but simply 
state the facts as they appeared to myself and others as worthy 
of note.” 
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The third notice attended one of the specimens sent me, and 
consists of a letter addressed to Professor Kirkwood, from Mr. 
A. J. Norris, the finder of this stone. 

“Enclosed you will find a specimen of the meteorite. The 
circumstances under which the stone was found are these. 
Hearing a rumbling noise, I stepped out of the house, and 
heard the stone fall. I marked the direction of the sound, and 
the next morning repaired to the field whence it had proceeded, 
where I discovered it lying upon the snow. I saw two places 
where it had previously struck, and from whence it had 
bounded to its resting place. No appearance of any other 
stone was visible in the region. Its weight was about three- 

uarters of a pound.” 

The following is from a letter (dated Bloomington, Ind., Jan. 
19th) from Pile Kirkwood to myself : 

“You were kind enough to express a wish that I would fur- 
nish you some notes in regard to the meteor. I have written 
many letters of inquiry, to some of which I have received 
replies. I have also a number of newspaper accounts of the 
phenomenon. I regret to say, however, that many of the 
statements made by observers are so inaccurate and contradic- 
tory as to be of little value. Being busy with other matters, I 

laced nearly all of them in the hands of Professor Wylie. 
he following conclusions, derived from the observations at 


Bloomington, Indiana, and Wooster, Wayne County, Ohio, can 
be relied = as nearly correct: 


Rev. Dr. Wylie, Professor of Natural Philosophy in the Indiana 
State University, noticed the point in a tree apparently passed 
by the meteor. The angle of elevation was subsequently 
measured, and found to be about 15 degrees. But the meteor 
passed our meridian 131 miles north. These data, making 
allowance for the curvature of the earth’s surface, give about 
38 miles as the height of the body when passing the boundary 
line between Pulaski and Fulton Counties, Indiana. At 
Wooster, Wayne County, Ohio, the meteor apparentiy passed 
a particular point of the steeple of a public building. From 
this observation the apparent altitude when over Lake Erie, 
immediately north of the city, was found by Professor Samuel 
J. Kirkwood to have been about 24 degrees, corresponding to 
a true height of 28 or 29 miles. 

The most western point from which I have received a report 
is Emporia, Kansas. It passed that place a few degrees S. E. 
of the zenith. I think the meteor became visible over the 
N. W. corner of Texas, at an elevation of 70 or 80 miles. The 
estimates of time for the meteor are so discordant that it seems 
impossible to determine whether it was moving in an ellipse, a 
parabola, or an hyperbola.” 
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Description of the Rochester Stone. 


It belongs, by way of eminence, to my order of Oolitic, of the 
class Litholites, and resembles most closely the Pegu (India) 
stone of December 27, 1857, particularly in the character of its 
erust and in its pisiform external structure. The two stones are 
not unlike in color and in the facility with which they may be 
broken, both yielding to separation when in iat masses, 
under the mere strength of the fingers. The thickness of the 
crust in each is double that in the majority of litholites. The 
general tint of color is also the same in both. In the Rochester 
stone, however, the shade is less gray, from the greater preva- 
lence of an almost pulverulent, nearly white mineral, in which 
the dark ash-gray globules are imbedded. This white mineral 
forms less than one-tenth of the mass. The globules vary in 
size from a millet-seed up to that of a pepper-corn. Their 
shape is almost perfectly spherical, and plainly indicates an 
origin from fusion, the surfaces of many of them being obviously 
mammillary, while internally they present a porcelainous, com- 
pact structure, 

The globules are probably forsterite, of a variety nearly 
identical with boltonite. This appears the more likely from 
the circumstance that those situated just below the crust have 
the yellowish tint acquired by boltonite after its subjection to 
heat with access of air; and it is presumable that this alteration 
of the globules in the meteorite took place on its entrance into 
our atmosphere when the fusion of the surface occurred. 

The white semi-pulverulent basis of the stone I take to be 
Chladnite (Mg*Si*). In one of my specimens, it shows itself at 
a single point in its characteristic loosely crystalline structure ; 
and there closely resembles this species as seen in the Bishops- 
ville (March 25, 1843) meteorite. 

The metallic iron (chamasite ?), as in the Pegu stone, is very 
obvious; and rather evenly distributed, though probably not 
exceeding one per cent in quantity. In place of being in 
shapeless grains or points, or in curved wire-like fibers, it is 
semi-crystalline in structure, showing occasional rectangular 
and triangular facets. ‘Troilite is barely visible at two minute 
points in the specimens thus far examined. Two distinct 
grains of Chrysolite, of the size of half a rice grain, are present, 
showing in each case the cleavage, color and luster of this species, 
as existing in Krasnojarsk meteoric iron. Moreover, these 
grains have not the perfect spherical form of the forsterite 
globules. 

The specific gravity of a fragment, whose surface was one- 
third crust, is 8°65. It may be added in conclusion, that the 
inspection of this rather peculiar stone strongly suggests the 
idea that the pisiform idodlen were produced oy the sudden 
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fusion of what was originally a chladnitic material (similar to 
the Bishopsville stone), amid particles of chamasite attended 
by access of oxygen, whereby the silicate of magnesia became 
converted into the more fusible double silicate of magnesia and 
iron. 

New Haven, Conn., Jan. 22, 1877. 


Art. XXIV.—Famination of the Waconda Meteoric Stone, Bates 
County Meteoric Iron and Rockingham County Meteoric Iron ; 
by J. LAWRENCE Smita, Louisville, Ky. 


THE meteorites under consideration have been known for 
some little time, Prof. C. U. Shepard having given a notice of 
the Waconda meteoric stone in this Journal of June, 1876, he 
having acquired the larger portion of it; the remainder has 
been kindly presented to me by G. W. Chapman. 

The existence of the Bates County meteoric iron was an- 
nounced by Prof. G. C. Broadhead (this Journal, Nov., 1875) 
to whom I am indebted for a large portion of the original mass. 


Waconda Meteorite. 


One feature to be noticed in connection with this meteoric 
stone is that the time of its fall is not known; it having been 
discovered in a ravine near the village of Waconda in Kansas 
(lat. 39° 20’, long. 98° 10’). While there are three or four of 
these softer meteoric stones, consisting almost exclusively of 
stony matter, the exact time of whose fall is not known, there 
is every reason to suppose that their falls were observed, and 
that they were collected at the time; but falling in remote 
places, and in the lands of those not accustomed to note pre- 
cisely the dates of natural phenomena, the exact date of the 
fall was forgotten when it reached those who were interested in 
these bodies. 

In the present instance nothing was known to lead to its dis- 
covery, and it was simply gathered up by an inhabitant of a 
sparsely settled region and laid aside on account of its singular 
appearance, and was only recognized as a meteorite some time 
afterward by one who had some knowledge of these bodies. 
Although but recently brought to notice, it was discovered 
two years ago, and I am inclined to believe that its discovery 
must have been made not very many months after its fall, as 
otherwise it would have undergone more thorough decomposi- 
tion; as it is, the interior is marked with large blotches of 
oxide of iron arising from oxidation of the particles of iron by 
the water penetrating from without. 
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This exposure has doubtless had something to do with its 
friability as a whole, for many parts of it are quite firm 
where the iron is not oxidized, and, as Prof. Shepard says, it 
has the average cohesion of this class of meteoric stones. As 
he has already given a general description of it, I will not 
repeat it here, but proceed at once to give my chemical and 
mineral analyses. 

The specific gravity of pieces from the iuterior varied from 
8:4 to 3°6, and when separated mechanically consisted of— 

Stony matter 
Nickel iron 
Troilite 

The amount of the last mineral was made out by chemical 

analysis. The nickel iron contains: 


Phosphorus not estimated. 


The stony part treated with large excess of aqua regia gave: 


Soluble part 
Insoluble part 


Composed of— 


Protoxide of iron 

Magnesia 

Alumina 

Manganese 61 
Soda with trace of potash and lithia 89 
Lime 

The analysis clearly shows that the stony part of this meteor- 
ite consists of the usual mixture of olivine and pyroxene 
minerals; the hyalosiderite predominating in the former, and 
bronzite in the latter. 

Two minerals were detached in small quantities and analyzed 
separately. The first was a dark colored mineral, readily seen 
in small parcels and veins; this, freed as far as possible from 
the adhering minerals, was found to be soluble in strong hydro- 
chloric acid, and the prolonged action of this acid on the min- 
eral, heated over the water bath, decomposed it very nearly 
completely ; it is composed as follows: 

Silica 

Alumina 


Manganese 
Soda 


Soluble. Insoluble. 
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Its solubility in chlorhydric acid, and its composition, clearly 
point it out to be of the olivine type. 

The other mineral was found only on one part of my speci- 
mens and there in the form of a white cr stalline mass not ex- 
ceeding in weight 20 milligrams; it looked at first sight like 
enstatite, but there was sufficient difference in its aspect to lead 
me to detach a few milligrams and test it: when I found it 
readily and completely soluble in hydrochloric acid, and as far 
as it was possible to decide on so minute a quantity it appeared 
to consist only of silica and magnesia. 

Its solubility shows clearly that it is not enstatite, and I can 
only imagine it to be of the olivine type and consisting entirely 
of silica and magnesia, occupying the same place among the 
unisilicates of the meteorites that the enstatite does among the 
bisilicates. I simply note this fact here, not as giving any very 
definite result but simply that it may be looked into by those 
investigating these subjects. 


Bates County Meteoric Iron. 


This meteoric iron was first made known by a short note in 
this Journal, Nov., 1875, p. 401. It was discovered near 
Butler, in Bates County, man (lat. 38° 20’, long. 94° 22’ 
The mass as it reached me had been in a blacksmith’s forge, it 
having been heated for the purpose of cutting off a piece. It 
weighed about eighty pounds and was of an irregular form, 
with nearly equal diameters in all directions; it had a thick 
coat of rust on the surface; the metal is very tough and when 
cut across, numerous nodules of troilite were found on the in- 
terior free from any schreibersite. The Widmanstiitian figures 
are readily developed, and are very large and regular. 

Its specific gravity is 7°72. Its composition is— 

Iron 


Phosphorus 


Some of the troilite was detached but not analyzed ; its 
specific gravity is 4°73. 


Rockingham County Meteoric Iron. 


This meteoric iron was first brought to my notice, in 1870, 
by Prof. W. E. Kerr, the geologist of the State of North 

arolina ; but a short time afterward, seeing a notice of it by 
Dr. Genth in the Proceedings of the Academy of Sciences of 
Philadelphia, and as he proposed giving a further description 
of the same at some future time, I laid aside my notes concern- 
ing it; but having been frequently asked for particulars in rela- 
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tion to it from those possessing specimens, I have concluded to 
publish the notes made at the time it came into my possession, 

This iron was discovered in Rockingham County, North 
Carolina, on a spot known as Smith’s Mountain, two miles 
north of the town of Madison, about lat, 36° 20’, long. 79° 45’. 
It was found by Mr. Peters, from whom Prof. Kerr obtained it 
about the year 1863, and was lying on the surface of an old 
field which had been out of cultivation less than twenty years, 
and for that reason it is supposed it may have fallen within 
that time. It weighed originally about eleven pounds and was 
covered with a coating of rust. Its structure is highly crys- 
talline, and when polished and either heated or acted on by 
nitric acid furnishes remarkably fine Widmanstitian figures, 
with delicate markings on the inside of the figures, which I 
designated sometime ago as Laphamite markings, having first 
observed them on the Wisconsin iron. 

This iron contains narrow seams of schreibersite that pene- 
trate the mass for several centimeters in different directions, 
some of them being two or three millimeters in thickness. In 
one part of the iron I discovered some solid chloride of that 
metal, enough to test its nature, and I detached a small fragment, 
that is now in the Museum of the Garden of Plants at Paris. 
It attracted moisture after being taken from a crevice in the 
iron, and became quite soft. This is the second time I have 
observed this solid chloride in meteoric iron. The nickelifer- 
ous iron, constituting the mass, exhibits the characteristics 
common to iron meteorites, viz: more or less diversity in the 
character of the iron in different parts, these varieties being so 
intimately associated that we possess no means of separating 
them. Dr. Genth considers it as composed of three different 
kinds of iron. 

I selected a fragment perfectly free from any schreibersite 
visible to the eye; it gave a specific gravity of 7°78, and on 
analysis was found to contain— 

Copper : 

This will be seen to correspond to the analysis of Dr. Genth 
before referred to, which was as follows: 

90°41 
Nickel (cobalt).. 8°74 
ron 0°2 
Nickel cobalt... 0°33 
Phosphorus .... 0-14 ) 
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Art. XXV.—Certain features of the Valleys or Water-courses 
of Southern Long Island ; by Ex.ias Lewis, Jr. 


Tuat portion of Long Island which lies southward of its cen- 
tral range of highlands, extending from near its western extrem- 
ity to the Shinecock hills, is a plain, nearly level, traversed by 
numerous shallow valleys or water-courses. There are about 
thirty of these valleys, well defined, in a distance of fifty miles, 
between East New York and Riverhead, making one for a little 
less than two miles. In the lower end of most of them are 
flowing streams of singularly pure water, supplied by under- 
drainage of the region. The point where the springs break out 
in the valleys represents the surface of saturation in the soil. 
Above this point the valleys are dry excepting rarely when 
streams occur from surface-drainage during freshets, or from 
melting snow when the ground is frozen. 

Few of these valleys are more than twenty feet in depth ; 
their source is uniformly upon the high grounds, whence 
they extend southward to the bay. In some cases they may be 
traced nearly across the bay beneath its shallow waters to the 
verge of the ocean, affording evidence of a recent subsidence 
of the coast. A very marked peculiarity in their form is 
the steepness or abruptness of the banks upon their westerly 
sides, and the very gradual declivity of those upon their east- 
erly sides. This feature is so obvious that it has long attracted 
the attention of travelers, and of others acquainted with this 
part of the island ; and we know of no exceptions to it which 
cannot be explained by local conditions, such as may have 
arisen from confluence of streams or similar causes. 

Another interesting feature of the valleys is their general di- 
rection. With some local exceptions their general trend or direc- 
tion is a little west of south, and observation of them through- 
out their length renders it clear that this trend has arisen from 
some general cause acting during their erosion. The westerly 
or right banks have been eroded and worn away by the streams 
which formed the valleys, and now that the streams have ceased 
to erode them the steep banks remain. 

The long declivities upon their easterly sides prove that the 
axis of the stream was originally several rods, in some cases 
from an eighth to a fourth of a mile eastward of where the axis, 
or deepest part of the valley now is. The phenomena we are 
considering cannot be explained by any merely local cause 
with which we are acquainted. The valleys are of post-glacial 
formation, and are in stratified gravels and sands distributed 
during the Champlain subsidence, and were probably formed as 
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Sens gradually emerged from the water at the close of that 
riod. 

Features such as we have described have frequently been 
noticed in river valleys, but we are not aware of any instance 
where so large a number of short valleys, none of them more 
than ten miles long, present in so striking a manner the pecul- 
jarities mentioned. 

That the cause is a general one seems probable. As sug- 
gested by Prof. Dana, who recently visited the island, the form 
and direction of the valleys in question may have arisen from 
the combination of motions to which Prof. Kerr of North Caro- 
lina attributes similar phenomena in the south-eastward flowing 
streams of that state. “The cause,” Prof. Kerr observes, ‘is 
doubtless the rotation of the earth upon its axis co-acting with 
the river current.” ‘To a like combination of motions Prof. 
Maury, in 1855, referred some of the phenomena of ocean cur- 
rents. The principle is the same that is exemplified in the 
circulation of ocean waters, in which, as a writer observes, 
“‘ Any waters flowing from the polar regions (where the earth’s 
motion is slow) toward the equator, would be thrown mainly 
against the west side of the oceans * * for they have no 
power to keep up with the earth’s motion.” 

A similar result occurs with southward flowing streams over 
the land. For this reason the bank upon the west side of the 


stream is pape | driven against it, in consequence of which 


the bank is abraded by the current, and worn away. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysIcs. 


1. On Rock-crystal Balance-beams, Thermometers, and gradu- 
ated Circles.—Strxrin, who, in 1874, proposed the manufacture of 
standard linear measures and weights in rock crystal, now goes 
farther and suggests the manufacture of balance-beams, graduated 
circles for telescopes, theodolites and quadrants, and even ther- 
mometers, of this material. With reference to weights, he states 
that the spherical form has been adopted in preference to the 
cylindrical, for many reasons, among others, because it is cheaper. 

or balance-beams, and scale-pans, the lightness of quartz, 2°65, is 
in its favor, aluminum being only 2°61; moreover its unalterability 
by chemical agents is complete. The construction presents no 
special practical difficulties. Graduated circles are cut from a 
quartz crystal perpendicular to the axis. For thermometers, a rod 
like that used for the linear unit can be bored lengthwise and the 
tube polished, an enlarged reservoir being made at the bottom for 
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the mercury, and the top closed with an air-tight stopper of the 
same material.— Ber. Berl. Chem. Ges., ix, 1824, Jan. 1877. 
G. F. B. 
2. Evolution of Hydrogen at both Electrodes in Electrolysis,— 
Etsarsser has made the curious observation that if a wire of 
magnesium be made the anode in a decomposition cell containing 
a diluted sulphuric acid, a wire of platinum being made 
the cathode, hydrogen gas is evolved at both electrodes, though at 
the anode only half as much gas appears as at the cathode; and 
that this ratio, though the total evolution of gas varies with the 
current-strength, remains constant. The same result happens 
when in place of the sulphuric acid, a moderately dilute solution 
of magnesium sulphate is used; ouly in this case, magnesium hy- 
drate is deposited at both electrodes. Direct quantitative experi- 
ments showed that the quantity of magnesium dissolved at the 
anode corresponded exactly to the quantity of hydrogen set free 
there; the volume of hydrogen evolved at the cathode being the 
same as that set free in a voltameter in the same circuit. The 
author hence believes that the positivity of the magnesium is so 
increased by the current that 1t combines not only with the 
oxygen set free by this current, but also with additional oxygen, 
the hydrogen which was united to it, appearing in the free state. 
Why, however, this hydrogen should be exactly one half of that 
evolved at the cathode, is a question not yet capable of explana- 
tion.— Ber. Berl. Chem. Ges., ix, 1818, January, 1877. G. F. B 
8. Relation of the Molecular weights of Chemical substances to 
their Heat-absorbing power.—AYMONNET has examined a number 
of simple liquids and also a number of solutions, with a view to 
measure their power of absorbing heat, in order to trace some con- 
nection between this property and their molecular weights. The 
heat rays were concentrated upon a slit half a millimeter wide, 
then passed through a tank containing the liquid to be examined, 
then through a lens and prism, producing a spectrum. A thermo- 
pile having an opening one millimeter wide was moved millimeter 
by millimeter along this spectrum, the deflection of the needle 
being constantly noted. From the data thus obtained the amount 
of heat transmitted is calculated; the difference between the re- 
sults when the tank is full and rea being due clearly to the 
absorption of the liquid within it. The author concludes: Ist, 
that the molecular absorbing power appears to be constant: (A) 
for the elementary bodies when dissolved in the same medium; 
‘and (B) for elementary bodies which compose substances of analo- 
gous chemical constitution. Among other physical results, he has 
observed that when the temperature of a source of heat of known 
character is raised, the absorbing power of bodies submitted to 
the radiations from this source all diminish in the same ratio.— 
Bull. Soe. Ch., Wl, xxvi, December, 1876. G. F. B 
4. On the Existence of Solid Particles of Carbon in Luminous 
Flames.—HEvMany, in his fourth paper on the theory of luminous 
Am. Jour. Sc1.—Tuirp Series, Vou. XIII, No. 75.—Marcu, 1877, 
15 
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flames; considers at length the question of the nature of the light- 
emitting material in luminous hydrocarbon flames, and concludes 
that it is really solid incandescent particles of carbon. The 
proofs he offers are: Ist, the increased luminosity which chlorine 
a to weakly luminous or non-luminous flames, due to its well- 
nown property of separating the carbon as such. 2d, a rod held 
in a flame is smoked only on the lower side, the side opposed to 
the gas stream; were the carbon there as vapor, as Frankland 
assumes, it would be condensed by a cooling action and so all 
around the rod. 3d, a body held in the flame is smoked even 
when it is in a state of ignition; this therefore cannot be con- 
densation of a vapor. 4th, these particles can be actually seen in 
the flame when it is made to strike against a second flame or an 
ignited surface, these particles aggregating together to form vis- 
ible masses. 5th, the luminous portion of a flame is not very 
transparent, no more so than the layer of smoke of the same thick- 
ness which rises above a flame fed with turpentine. And 6th, 
flames which unquestionably owe their luminosity to the presence 
of solid particles give a shadow with sunlight, precisely as do 
hydrocarbon flames; while luminous flames composed of ignited 
gases and vapors only, give no such shadow in sunlight.— Liebig’s 
Annalen, elxxxiv, 206, Dec. 1876. G. F. B 
5. Alcohol from the Leaves of the sugar-bect.—P1ErkE, assuming 
that the sugar found in the beet-root must be elaborated by the 
leaves, has examined these leaves for sugar. Owing, however, 
to the difficulty of preparing the sugar as such, he subjected the 
juice expressed from these leaves to fermentation, and from the 
alcohol obtained, estimated the quantity of sugar. The leaves 
employed were collected in November, and weighed 158 kilo- 
grams. They yielded 34 to 35 liters of juice, which after 
fermentation, gave 275 cubic centimeters of alcohol of 68 per 
cent. Calculating from these data, each hectare of land would 
furnish about 173 liters of absolute alcohol, as a minimum.— C. R., 
Ixxxiii, 1075, Dec. 1876. G. F. B. 
6. On the Detection of ordinary Alcohol in Wood Spirit.— 
BERTHELOT gives the following simple method of recognizing the 
resence of ethyl alcohol in wood-spirit. The suspected mixture 
is heated with twice its volume of concentrated sulphuric acid, 
and the gases evolved collected. If they consist solely of methy] 
ether, they will be entirely absorbed by water or by concentrated 
sulphuric acid; but if alcohol be present, ethylene will be formed 
which is insoluble in these menstrua under these conditions, while 
it is absorbed by bromine. So small a quantity as one or two 
per cent of alcohol may be recognized in this way. Acetone and 
other similar bodies present in wood-spirit, yield no ethylene.— 
Aun. Chim. Phys., V, ix, 54, Sept. 1876. G. F. B. 
7. Synthesis of Allantoin.—Grimavux, having observed that 
yruvic acid in reacting upon urea generated a substance pyruvile 
sH,N,0,, homologous with allantoin, inferred that its homo- 
logue, glyoxylic acid, by the same reaction would yield allantoin 
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itself. This he finds to be the fact. One part of glyoxylic acid 
and two parts of urea were heated to 100° for 8 or 10 hours, the 
mass was exhausted with four times its weight of boiling alcohol, 
and the residue insoluble in alcohol, was dissolved in 12 to 15 
times its weight of boiling water. This on cooling deposited 
crystals, which after recrystallization appeared as brilliant hard 
lustrous prisms, giving on analysis the formula C,H,N,O,, and 
having all the properties of allantoin. The reaction is: 
C,H,0, 
The mode of its formation proves allantoin to be a glyoxylic 


diureide with the constitutional formula: CHL NH\co 2° 


CO—NH/ 
— Bull. Soc. Ch., Ul, xxvi, 482, Dec. 1876. G. F. B. 

8. Rhodein, a new test for Aniline.—J acQquEMIN has proposed 
a new test for the presence of aniline, which is a modification of 
the hypochlorite test. A centigram of aniline in 500 ¢. ¢. of water, 
shows no reaction ordinarily with the hypochlorite of sodium. 
But if a few drops of a very dilute solution of ammonium sulphide 
(one drop to 30 ¢. ¢. of water) be added, a magnificent rose color 
is developed, due to a new body which the author calls rhodein. 
As 4 milligrams of aniline can be detected in a liter of water, the 
limit of delicacy in the reaction is ggqyg9-—Ann. Chim. Phys., 
V, ix, 571, Dec. 1876. G. F. B. 

9. Sensitive Flames,—Mr. R. H. Rrpovur has devised a form of 
burner by which great sensitiveness is attained at very low pres- 
sures, and thus the principal difficulty ordinarily experienced, of 
maintaining a high and constant pressure, is avoided. A glass or 
metallic tube, about five inches long, and five-eighths inch diame- 
ter, is closed at one end with a perforated cork, through which 
slides a piece of one-eighth tubing about six inches long. One 
end of this is either drawn out to a jet or closed in the blow-pipe 
flame to reduce its diameter to about one-sixteenth inch, and the 
other end is connected to a gas supply. The outer tube is held in 
a suitable support, and the inner tube is pushed through the cork 
till it nearly reaches the mouth of the outer one, and a light is then 
applied. It now gives a long steady flame which is easily rendered 
sensitive by lowering the inner tube. Several effects are described 
which may be shown by it at any pressures above one-tenth inch 
of water. 

A second arrangement is figured, in which two parallel vertical 
tubes are connected by a horizontal tube in which a drop of water 
is placed as an index. A very slight excess of pressure is shown 
by the motion of the drop to one side or the other. Allowing gas 
to flow through both tubes and lighting either jet the water will 
move toward the other, showing that the effect of the combustion 
is to obstruct the flow. Similarly it may be shown that a sensi- 
tive jet produces a greater resistance when its length is shortened 
by a noise or musical note. This effect may also be shown whether 
the jet is lighted or not.— ature, xv, 119. E. 
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10. Theory of Luminous Flames.—Dr. Kari Hrymann has 
published an elaborate discussion on this subject, in which he con- 
cludes that the theory of Davy must be altered, but need not be 
replaced by a new hypothesis. From a discussion of the work of 
previous observers, and a variety of experiments on the diminution 
and restoration of luminosity in hydrocarbon flames, and on the 
distance between flame and burner, he arrives at the following 
conclusions. 

(1.) The fact that a gas-flame does no: rest upon the burner, 
nor a candle-flame upon the wick, as also the fact that a flame 
never directly touches a cold body held within it, is to be ex- 
plained by the cooling action exercised upon the gas by its sur- 
roundings. The combustible gases are cooled throughout a definite 
space below their ignition-temperature; the flame is therefore 
extinguished. This conclusion is opposed to that of Glochmann. 

(2.) The very considerable distance noticed between the burner 
and the flame of a gas issuing under high pressure, or mixed with 
a large column of an indifferent gas, cannot be accounted for on 
the grounds put forward by Benevides. The production of such 
a distance is much rather to be traced to the cooling action of the 
stream of gas and of the outer air, and perhaps more especially to 
the fact that the velocity of the stream of gas in the neighborhood 
of the burner is greater than the velocity of propagation of ignition 
within the gas. 

(3.) In order that other circumstances conditioning the effect 
may be removed, the velocity of propagation of ignition must be 
equal to that of the gas-stream at the point, situated some distance 
from the burner, where the flame begins. 

Determination of the velocity of ignition should be made under 
these conditions for different gases, and since this magnitude is a 
function ef the difference between ignition and combustion tem- 
peratures, conclusions may be drawn from such experiments 
regarding the relations existing between these points. 

(4.) The velocity of propagation of ignition may be easily deter- 
mined for solid and liquid combustible bodies; and the numbers 
so obtained may be regarded as comparative quantitative expres- 
sions for the liability to ignition of these substances.—Ann. der 
Chemie, elxxxi, I, 129, elxxxii, 1; Phil. Mag., iii, 1. P. 

11, Influence of Pressure on Combustion.—M. Wartna has 
observed the burning of six stearine candles in free air, and in an 
iron case under a pressure of 1°95 atmospheres. They burned 
under this pressure with a flame of 9 to 12 em, long, and gave 
much smoke; their luminous power diminished, while the flame 
assumed a yellowish-red color. The decrease of weight after one 
hour of burning was found to be less than in burning in free air. 
This Jast result is opposed to the observations of Frankland, who 
has affirmed that the consumption of the burning material of a 
candle, or the like, is not perceptibly dependent on the pressure 
of the medium in which the combustion occurs. It is supposed 
that the difference of pressure in Frankland’s experiments (on 
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Mont Blanc and at Chamouny) was not sufficiently great to give 
a distinct difference in consumption of the burning matter. M. 
Wartha further put a candle to burn under an air pump receiver, 
with special apertures, and, with increasing rarefaction, the flame 
was seen to enlarge, and its luminous power to diminish. At a 
pressure of 90 mm., the greatest rarefaction produced, the lumin- 
ous power was quite gone, and the flame, which now assumed 
. three-fold size, appeared to consist of three parts, an inner bluish- 
green cone with a violet sheath, and a weakly violet mantle. 
The diminution of the luminous power in this case M. Wartha 
explains by the fact that under less pressure less of the products 
of combustion are separated in the form of soot.— Nature, xv, 
167. E. P. 
12. Large Induction-Coil.—Mr. Wm. SporriswoopeE has had 
the largest induction-coil yet made, constructed for him by Mr. 
Apps. This coil, which is capable of giving sparks 42 inches long, 
is constructed as follows: It has two primaries, one used for long 
sparks which has a core consisting of a bundle of iron wires *032 
in. thick, forming a solid cylinder 44 in. long, and 3°5625 in, in 
diameter. Its weight is 67 lbs. The copper wire of this primary 
is 660 yards long, ‘096 in. in diameter, has a conductivity of +93 
and a total resistance of 2°3 ohms. It contains 1,344 turns wound 
singly in six layers, has a total length of 42 in. with an internal 
diameter of 3°75 in. and an external diameter of 4°75 in. The 
other primary, which is intended to be used with batteries of less 
resistance for short, thick sparks, or for spectroscopes, is heavier 
than the other, the core weighing 92 Ibs. and the wire 84 lbs. 
The latter may be so connected as to be equivalent to a wire 
of double or six times the cross-section of a single wire. The sec- 
ondary coil consists of 280 miles of wire arranged in 341,850 
turns. It forms a cylinder 37°5 in. in length, 9°5 interval and 
20 inches external diameter. The total resistance is 110,200 
ohms. It is wound in four sections, the diameter of the wire in 
the two central sections being ‘0095 and in the outer ‘0115 and 
‘0110. The increased section of the extremities is to allow for the 
accumulated charge that portion of the wire has to carry. The 
condenser required proved to be smaller than was anticipated. 
The size commonly employed with a 10-inch coil gave the best 
results. It consists of 126 sheets of tin-foil 18 8°25 in., —— 
by two thicknesses of varnished paper, -0055 thick. With 5 
quart cells of Grove, a spark of 28 inches was obtained, with 10, 
one of 35 inches, with 30 one of 37°5, and later, one, of 42 inches. 
As these sparks were obtained without difficulty, it appears not 
improbable that, if the insulation of the ends of the secondary 
wire be carried further than at present, a still longer spark might 
be obtained. The insulation is such that 70 cells have been used 
without injury. With the 28-inch spark a block of flint-glass 
three inches in thickness has been pierced. When used for 
vacuum tubes this coil gives illumination of extreme brilliancy 
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and very long duration; with 20 to 30 cells and a slow working 
mercury break, giving, say 80 sparks per minute, the striz last 
long enough for their forward and backward motion to be per- 
ceived directly by the unassisted eye. The appearance of the strize 
when viewed in a revolving mirror was unprecedentedly vivid, 
and this even when only two or three cells were employed.— Phil. 
Mazgq,., iii, 30. E. C. P. 

13, Lectures on some Recent Advances in Physical Science, 
with a Special Lecture on Force; by P. G. Tarr, M.A. Second 
edition, revised. London, 1876. (Macmillan & Co.)—The lectures 
of Professor Tait, as is stated in the preface to the first edition, 
were delivered in the spring of 1874. They are printed in the 
same form in which they were given in the lecture-room, with 
only occasional changes; the somewhat familiar way in which 
the principles are presented, however, is by no means a defect in 
the book, but on the contrary makes it all the more interesting 
and readable. Of the thirteen lectures in the first edition about one- 
half are on the subject of the Conservation and Transformation of 
Energy. The clear and systematic way in which Professor Tait 
has developed this most important subject makes the book an inval- 
uable one for all who would become familiar with the principles 
upon which modern Physical Science is based. Not the least 
interesting of the lectures devoted to this matter is the one in 
which the early history of Energy is discussed, from the laws of 
Newton to the experiments of Joule and Colding. The remaining 
six lectures are devoted to: Radiation and Absorption, the Spec- 
trum Analysis, the Conduction of Heat, and the Structure of Matter. 
These subjects are treated in the same clear, logical way which 
characterizes the discussion of the principle of Energy. A lecture 
on the subject of Force has been added to the second edition of 
the work; it was originally delivered in September, 1876, before 
the British Association. 


II. GEoLoGY AND MINERALOGY. 


1. Gran@eury on the Carboniferous Flora.*—This remarkable 
memoir, though entitled the Carboniferous Flora of the Depart- 
ment of the Loire and of Central France, discusses the comparative 
distribution of the coal plants of all parts of the world, and the 
botanical relations of all the genera of the Coal period, so that it 
is quite as much a general as a local work; and it is in truth one 
of the most important contributions made for a long time to our 
knowledge of the Paleozoic Flora. One of its distinguishing 
characteristics is the attention given by the author to the study 
of plants én situ, and to the relation of their parts to each other, 
as ascertained in the beds in which they lie. The description of 
coal plants from mere fragments of leaves or stems, or even from 


* Flore Carbonifére du Departement de la Loire et du Centre de la France, par 
F. Cyrille Grand’eury, (Mem. Acad. Sci. France.) 
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detached fruits, must always be peti and yet this is all 
that has been possible to many eminent and laborious workers in 
this field. We need however much more than this. The paleo- 
botanist must dig for himself, and spare no labor to trace up any 
plant to its leaves and fructification on the one hand, and to its 
roots on the other. For work of this kind, M. Grand’eury seems 
to have enjoyed great facilities, more especially in the sections at 
St. Etienne, which rival those of the South Joggins and North 
Sydney in Nova Scotia in their exposure of plants én situ, while 
they seem even to excel them in the preservation of minute 
structure. The result is that M. Grand’eury affirms with con- 
fidence many correlations of parts and structures, heretofore 
attested on the evidence of actual observation in the Nova Scotia 
sections, but which have been persistently denied by some Euro- 
pean botanists, because not in harmony with their preconceived 
views. 

In the strictly botanical part of the work, which extends to 348 
quarto pages, with an atlas of thirty-seven plates, M. Grand’eury 
passes in review all the leading genera of coal plants, and more 
especially those which constituted the forest trees of the period, 
We can notice only a few of the more important points on which 
he touches. 

Beginning with the order of Calamaric, which he recognizes 
as belonging to the vascular Cryptogams and near to the modern 
Equisetacew, he admits as true genera Culamites, Asterophyllites, 
Annularia, Equisetites and Sphenophyllum. This is in accordance 
with the views always held by our American paleo-botanists, 
but contrary to the hasty statements which have sometimes been 
made elsewhere, that the leaves known as Asterophyllites, Spheno- 
phyllum, ete., were those of Calumites, and that Caiamites them 
selves are but internal casts of Calamodendra, On_ these points 
M. Grand’eury brings many new facts to show diversities in 
structure and fructification between these plants. He recognizes, 
however, some Volkmannic, as being fruits of Asterophyllites, 
and Pinnularie as roots of Annularia. The phenomena of erect 
stems of Calamites retaining their roots and other appendages, 
and the structure of these stems, have forced him to the same 
conclusion always maintained by the writer of this article, that 
while, as Williamson has shown in his admirable memoirs, there 
are calamite-like bodies which are internal casts of stems of Cala- 
modendra, there are true Calamites of quite distinct nature. Of 
the rhizomes of some Calamites, their branching at the base and 
sides, so as to form stools or clumps, and their following up the 
increase of the sediment around them, by sending out branches at 
various heights, he has numerous examples. He denies the Cala- 
mites true leaves, and thinks that their verticillate branches and 
branchlets, which are sometimes though rarely preserved in Nova 
Seotia, were either unusual or very deciduous. 

The discussion of the Ferns is full of interesting matter; but 
cannot be entered into here, except to state that he sides with the 
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writer in regarding Megaphyton as a tree-fern with leaves in two 
series, and aerial roots (as restored in Acadian Geology, p. 448), 
and recognizes one of his French species as identical with J/ 
Me Leayi of Lesquereux. In the order Lycopodiacee he makes the 
Lepidodendree a separate family, including the genera Lepidoden- 
dron and Lepidophioyos. The latter is an old and natural genus of 
Sternberg, very much ignored in England, but which has been 
recognized and used by paleo-botanists in this country. Under 
the name Pseudosigillaria, he includes some stems referred by 
authors to Sigilluria, but which, on grounds connected with the 
nature and arrangement of the leaf-scars, he very properly asso- 
ciates with the Lepidodendra. There can be no doubt that 
many cases of this kind exist; though it may be doubted whether 
the founding of a genus for them is the best mode of disposing 
of such doubtful specimens. Knorria and Halonia are recognized 
as imperfectly preserved or aberrant Lepidodendree. 

Perhaps the most remarkable part of this memoir is the great 
development which it gives to the group of Gymnosperms, which, 
as represented in the Coal formation, he divides into the orders 
of the Sigillariacee, the Cordaiacew and the Calamodendrucee 
with the uncertain group of Voeggerathie As to the Sigillaria 
family, he merely ventures to divide the great genus Sigillaria 
into provisional sub-genera in the same manner in which this has 
been done by others; but he recognizes Syringodendron as a 
separate genus. He thinks this last must have had very minute 
leaves, and he refers to it, as its roots, certain Stigmarioid organs 
which he terms Stigmariopsis, and which differ in some particulars 
from the true Stigmaria roots of the Sigillariw. As to the true 
‘Sigillavie, he holds with Brongniart, and with Newberry and 
the writer in America, that they are Gymnospermous, or — 
more precisely, that the true Sigillariv are of this rank, but that 
some of the species confounded with these by their similarity of 
external markings, may be allied to the Lepidodendia. Ue does 
not seem to have met with any specimens that show the advanced 
structures, approaching to those of the Cycads,* found in some 
Nova Scotian specimens, but he considers the structure of the 
stem exogenous, and the resemblances which it presents to Lepi- 
dodendron as merely depending on adaptation to a similar habitat. 
He has not found the fruit of Sigillaria in place, but believes that 
he has discovered indications of seeds borne on the bases of 
leaves, and he is also inclined to accept the circumstantial 
evidence adduced by Dr. Newberry and the writer, that the 
Trigonocarpa and similar fruits may have belonged to some 
species of Sigillaria. 

The elevation of the genus Cordaites, hitherto very imperfect] 
known, to the rank of the type of an order is a feature in this 
memoir. In some parts of America the leaves of these plants 
occur in excessive abundance, beds of shale being filled with them 

* Incorrectly said to resemble Conifers, which is a misapprehension, arising 
perhaps from the imperfect way in which they have been figured. 
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and layers of coal apparently composed of their remains; and 
they range all the way from the Middle Devonian to the Permo- 
Carboniferous. But they are invariably found as detached leaves, 
and their broad thin bases give the idea of an attachment to 
merely herbaceous stems. These stems have not, so far as I am 
aware, been found in America with their structure preserved ; and 
Corda, who alone had figured this stem from European specimens, 
represents it as having a slender axis of scalariform vessels re- 
sembling that of a Lycopodiaceus plant, and indeed not more 
developed than that of the Psilophyton ot the Lower Devonian. 
M. Grand’eury reverses all this. He adduces facts which it would 
be impossible here even to summarize, to show that some at least 
of these plants were of arboreal dimensions and that they had woody 
stems similar to those of Conifers. He even attributes to them the 
wood hitherto known as Dadoxylon, though in this we can scarcely 
agree with him. They are divisible into several generic forms, 
as Corduttes, Dory-cordaites, Eu-cordaites, and Poa-cordaites, 
which it is however admitted may be very distinct from each 
other in structure and affinities. ‘Their fruits were the Curdiocarpa 
and other kinds of Curpolites, and when borne on the plant, they 
constituted spikes which have been known as -Antholithes. The 
material illustrative of this new order at Grand’eury’s disposal has 
been very extensive, and his conclusions deserve careful study and 
attention, though one can hardly help suspecting that he has 
united to the ordinary Cordaites plants of much higher affinities. 

The Calamodendra, whose structure was first made out by 
Cotta, and which have lately been so well illustrated by William- 
son, are here elevated into a family, which includes the two genera 
Arthropitus and Calumodendron, agreeing in having an internal 
jointed medullary cavity resembling a Calamite, but differing in 
the structure of dale wood; that of Calamodendron consisting of 
alternate radiating plates of fibers without definite order and 
others in radiating series. ‘The leaves of these plants have proba- 
bly been prvi with those of 1 sterophyllites, and are narrow, 
rigid and verticillate. Williamson has shown that Calamostachys 
Binneyana and a species of Volkmunnia have structures similar 
to those of Calamodendron and Arthropitus. Grand’eury believes 
that these may be male strobiles with pollen, and that the true 
fruits may be of the kinds known as Polypterocarpus and Stepha- 
nospermum. 

The concluding plates of the memoir give a series of restorations 
of the principal arborescent plants of the Coal formation, which 
are all highly suggestive, and many of them fully warranted by 
the facts stated in the memoir. The part of the memoir devoted 
to the geological relations of the plants described might well 
merit a separate notice. It treats of the best manner of ae 
the Carboniferous System; of the characteristic plants of eac 
stage of the system, not only in France bunt elsewhere; of the 
plants which have principally contributed to the formation of coal ; 
and of the relations of these plants to the thickness, quantity and 
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age of the coal-seams. There is of course also a large amount: of 
local detail relating to the French coal-fields. 

On the whole, this memoir should be welcomed by all paleon- 
tologists. It is undoubtedly most accurate and trustworthy as to 
the affinities of the coal plants which the author has been able to 
study in their various parts and organs; and in respect to all, it is 
most suggestive, and cannot fail to lead to clearer views of the 
whole subject. One conclusion which must strike every one, and 
on which the writer of this notice has long insisted, is that the 
arboreal vegetation of the Coal period must have been much more 
varied than has been usually supposed; and that while we have 
no doubt been instituting many unnecessary species for mere frag- 
ments, we have on the other hand been forcing into unnatural 
union very diverse forms, by trusting to merely external charac- 
ters. J. W. DAWSON, 

2. Memoirs of the Geological Survey of Kentucky, N. S. 
Suater, Director. Vol. I, 334 pp. 4to. 1876.—This first volume 
of the publications of the Cockagiuat Survey of Kentucky, con- 
tains four Memoirs. 

The first is on the Antiquity of the Caverns and Cavern life of 
the Ohio valley, and is by Prof. SHater. We learn from it that 
in the Mississippi valley, while the limestone of the Cincinnati 
group contains a few true caverns, far the larger ~ and the 
largest, occur in the Subcarboniferous limestone. In Kentucky, 
this limestone has an average thickness of 150 feet and the cav- 
erns are exceedingly numerous; the author states that the length 
of the underground channels in this rock accessible to water is 
many tens of thousands of miles; and he thinks it no overstate- 
ment to say that there are at least 100,000 miles of open caverns. 
Owing to these channels, the traveler may journey for fifty miles 
over many parts of this limestone region in the wet season and 
meet with no running water. In the history of the caverns a 
firm bed of limestone has often held the streams for a long 
er and thus a tier of caverns has been made; and then, this 

d becoming worn through, the waters have descended and com- 
menced work at a lower level, and so successive tiers have re- 
sulted. Prof. Shaler observes that the most surprising feature in 
the architecture of these caverns is the existence of great “domes” 
or wells which often rise in a single sweep from the lowermost to 
the uppermost level of the caves; and which are due to a fall in 
the course of an underground stream that originated in the early 
history of the cavern, Often a “sink-hole” opening to the light 
begins the vertical channel. Thus vertical channels, and lofty 
domes, tiers of great caverns along successive levels communicat- 
ing with one another by the channels and domes, with streams 
varying from still pools to high waterfalls and using pebbles for 
abrasion in the lower portions, are the principal elements of these 
caverns. The massiveness of the limestone favored the formation 
of great caverns, and this massiveness Prof. Shaler attributes to 
its having been formed chiefly of crinoidal remains. The great 
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rofusion of crinoids and the enormous area of the Carboniferous 
indicates, he remarks, a wide, warm, and comparatively shallow 
(the Molluscan remains being quite large) sea, its waters richly 
charged with carbonate of lime. 

Prof. Shaler discusses at length the age of the caverns and 
states as his conclusion that probably “ while some caverns may 
have existed in the Mississippi valley long before the Tertiary 
period, their great development, with the consequent chances of 
organic life finding its way into cavern conditions, is a very re- 
cent event.” 

The second memoir is Prof. J. A. Allen’s able paper on the 
American Bisons, living and extinct, already noticed on page 75 
of this volume. 

The third is by Prof. Shaler and is the first of a series on the 
fossil Brachiopods of the Ohio valley. The author, in this paper, 
takes up the very important question of amount of variation in 
some of the more variable species, and presents tables of measure- 
ments, in addition to detailed remarks on the different characters 
and the distribution of the species. For example, under Orthis 
occidentalis, measurements of 40 specimens from a number of 
localities are given, including dimensions as to length and width 
of shell, length of hinge-line and of muscular impression, width 
and height of foramen, and other points. The memoir is there- 
fore an important contribution to the subject of the variation of 
species. These variations are wonderfully great in many cases. 

hus in the above species the proportion in length to width varies 
from 1:1°05 to 1: 1°50. This article is illustrated by seven plates, 
prepared, like other plates of the volume, by the autotype process, 
which avoids all error of drawing ; and it is stated by the author 
that he first bedded the specimens in white sand, thereby doing 
away with the shadows which make one of the difficulties in prop- 
a | taking a photograph for this process.’ 

The tourth memoir, by Mr. Lucian Carr and Prof. Shaler, treats 
of the prehistoric remains of Kentucky. It contains a very judi- 
cious discussion of the value of the remains in North America as a 
measure of time, together with other interesting descriptive and 
historical matter, and notes on the source of the material of the 
implements, and on their distribution in Kentucky. It is illus- 
trated by seven plates, containing autotype reproductions of 
arrow heads, pipes and other articles. 

This last paper is to be continued in the second volume of Me- 
moirs, which volume will contain also, as announced in the 
Preface, the following additional memoirs: on the Fossil Corals 
of Kentucky, on the Fossil Brachiopods of the Ohio Valley, and 
on the Dynamic Geology of Kentucky, by Prof. SuaLer; on the 
Cavern Animals of Kentucky, by A. 8. Packarp, F. A. Sanporn 
and others; on the Cavern-dwelling Races of Kentucky, by F. W. 
Putnam; a history of the Investigation of Cavern Animals, by 
Dr. H. A, Hagen. 

The Memoirs published by the Survey on purely scientific sub- 
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jects, like those mentioned above, will make a series of publica- 
tions distinct from chapters on economical matters. The Preface 
states that the Memoirs may be purchased separately or in vol- 
umes at the office of the Survey in Frankfort, Kentucky. 

8. Report of a Reconniisance from Carroll, Montana Territory, 
on the Upper Missouri to the Yellowstone National Park, and 
return, made in the summer of 1875; by Wu. Lupiow, Captain 
of Engineers, Brevet Lieut. Colonel U. S. Army, Chief Engineer 
Department of Dakota. Being Appendix NN of the Annual 
Report of the Chief of Engineers for 1876. 142 pp. 8vo. 1876.— 
The report of Colonel Ludlow gives excellent descriptions of the 
topographical features of Montana and the region beyond traversed 
by his expedition, with notes also on routes, cafions, the geysers 
of the Yellowstone Park, and many other subjects of interest. 

The volume also contains a Zoological Report by GrorGcE Brrp 
GRINNELL, which is an annotated Catalogue of Mammals and 
Birds, and a Geological Report by Messrs. Epwarp S. Dana and 
G. B. Grinnett. The subjects treated of in the last-mentioned 
report are the alluvial deposits of the Upper Missouri; the Creta- 
ceous at Carroll and beyond; the Judith Mountains, where were 
beds of Cretaceous age, and the trachytic “Cone Butte,” a conical 
hill, about 3,400 feet in elevation above the level of the Missouri 
River, the average height of the Judith Mountains; the vicinity 
of the Moccasin Mountains, whose appearance ‘indicated that, 
like the Judith Mountains, they are largely trachytic;” the 
vicinity of Camp Lewis, where the beds were reddish clays and 
shale, and probably Cretaceous; the west end of the Judith 
Mountains, in which limestone bluffs containing Carboniferous 
fossils were visited; the region beyond to Camp Baker, passing 
over Carboniferous limestone in Musselshell Cation, dipping 50° 
to 60° to the south of west, which, through an overturn, was 
overlaid by Lower Silurian (Primordial ?) strata, and finding the 
central portion of the Little Belt Mountains to consist of trachyte; 
Camp Baker and beyond toward Fort Ellis, where occurred, 
besides the prevailing Miocene beds (containing remains of 
Oreodon, Rhinoceros, ete.), a limestone of Primordial age, afford- 
ing an Obolella, and new species of Trilobites of the genera 
Arionellus and Crepicephalus, along with red shales and quartzyte 
of the same age ; the Bridger Mountains, having Cretaceous beds 
on the east, next Jurassic (red bands, with Jurassic fossils), and 
then Carboniferous limestone at the summit, with older rocks on 
the west, having in places a reversed dip; the geysers of the 
Yellowstone Park. 

The occurrence of a Miocene Lake Basin in the vicinity of 
Camp Baker is the subject of an article by the authors in vol. xi 
of this Journal (p. 126). The Cretaceous formation underlaid the 
prairie along nearly all the route followed. The most prevailing 
member was No. 4, of Meek and Hayden, or the Fort Pierre 
Clays. But besides this, No. 5, or the Fox Hills Group, was 
observed at several points, and No. 6, or the Fort Union Group, 
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at the mouth of the Judith River, overlying No. 5, where the 
bones of a Hadrosaurus were obtained. 

The new species of fossils collected are described by R. P. 
Whitfield, and figured on two plates. The trilobites above 
referred to are named by him Crepicephalus (Loganelius) Mon- 
tanensis and Arivnellus tripunctatus. We also describes the fol- 
lowing new species of Jurassic age from the Bridger Mountains: 
Gryphea plano-convexa, Gerviilia sparsalirata, Myalina (Ger- 
villia) perplana ; also a new Pinna from the Carboniferous of the 
Musselshell, P. Ludlovi. 

4. The Yellowstone National Park and the Mountain regions 
of portions of Idaho, Nevada, Colorado and Utah. Described 
by Prof. F. V. Haypen, Geologist-in-charge of the U. 5. Govern- 
ment Exploring Expeditions to the Yellowstone Valley, and of 
the U. 8. Geological and Geographical Survey of the Territories. 
Illustrated by chromo-lithographic reproductions of Water-color 
sketches by ‘T'Homas Moran, Artist to the Expedition of 1871. 
Fifteen plates in large folio, with text by Prof. Hayden. Boston. 
1876. (L. Prang & Co.)—This volume of colored sketches, illus- 
trating some of the most striking points in Rocky Mountain 
scenery, is magnificent in scale and beautiful in execution. Mr, 
Moran is well known for his fine landscapes; and it is fortunate 
that such a painter has been over the wonderful Yellowstone re- 
gion with his pencil. The colors of the landscapes will be thought 
tvo brilliant by those who have not visited the region, and per- 
haps in one or two cases the artist has allowed his feelings in that 
exhilarating atmosphere to influence in some degree his brush. 
But, in other cases, that for example of the scenery along the Cajion 
of the Yellowstone, as we understand from one who has visited 
the region, the colors even fall short of the reality. Speaking of 
the variety and richness of tints over the rocks of that region and 
others adjoining, Colonel Ludlow says (in the Report noticed 
on page 228): “Throughout this elevated region [the Judith 
Basin], and more especially beyond in the Yellowstone Park, we 
had daily occasion to observe the marked depth and clearness of 
the coloring, owing, I presume, to the utter purity of the atmo- 
sphere. The colors of objects comparatively near by seemed to 
possess an unsurpassed richness and reality; and even on distant 
mountains, seventy-five or eighty miles away, while the tints were 
necessarily blended and their details lost, they exhibited a won- 
derful transparency and distinctness, undimmed by the haze and 
vagueness which usually obscure such objects.” He thus con- 
firms the descriptions which Dr. Hayden and others have given 
of the strange variety and beauty of coloring that characterize 
the rock-scenery of that region, and not of that alone in the 
Rocky Mountains. The subjects of the landscapes are the follow- 
ing: (1) Hot Springs of Gardiner’s River, Yellowstone National 
Park; (2) The Great Blue Spring of the Lower Geyser Basin, 
Yellowstone National Park; (3) The Castle Geyser, Upper Gey- 
ser Basin; (4) Lower Yellowstone Range, seen from the Yellow- 
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stone Park; (5) Yellowstone Lake; (6) Tower Falls and Sulphur 
Mountain, Yellowstone Park; (7) Head of Yellowstone River; 


(8) The Grand Cajion of the Yellowstone; (9) The Towers of 
ower Falls; (10) The Mountain of the Holy Cross, Colorado ; 
(11) The Mosquito Trail, Rocky Mountains of Colorado; (12) 
ummit of the Sierra Nevada; (13) Great Falls of Snake River, 
Idaho; (14) Valley of Babbling Waters, Southern Utah; (15) 
The Great Salt Lake of Utah, As specimens of chromo-lithogra- 
phy and of artistic effect, the plates are of unusual excellence. 

Prof. Hayden, having become familiar with the region of the 
Park through his two years of exploration there, and also with 
the other parts of the mountains in the course of his repeated ex- 
eerie was well fitted to prepare the text for this book of 

ocky Mountain landscapes. 

5. Report on the Geological Survey of Alabama, for 1876; by 
Everne A. Situ, State Geologist. 100 pp. 8vo. Montgomery, 
Alabama.—The work during 1876 was confined to the valley 
known as Roup’s Valley and Jones’s Valley. The valley occupies 
the summit of an anticlinal in the southwestern end of the 
Appalachian region, and has the coal basin of the Warrior on 
the west and that of the Cahaba on the east. The anticlinal has 
for the most part the beds sloping regularly outward on the two 
sides; but in the southwest extremity the fold has been lapped 
together and pushed over toward the northwest, reversing the 
dip, so that all the strata dip southeast. 

The rocks described belong to the Lower and Upper Silurian, the 
Devonian and Carboniferous formations. The Upper Silurian is 
represented by beds of the Clinton group—the formation that in 
the north is noted for the presence of beds of red lenticular fos- 
siliferous iron ore. In Alabama the same ore occurs in several 
beds. The strata in Tennessee constitute the Dyestone group of 
Professor Safford. Analyses of various iron ores and limestones 
are given in the Report. 

6. Annual Report of Progress and Results of the Wisconsin 
Geological Survey, for the year 1876; by T. C. CuamBERLIN, 
Chief Geologist. 40 pp. 8vo. Madison, Wisconsin, 1877.—This 
report contains a brief summary of the work done and results 
obtained during the year 1876. It states that “a collection of 
20,000 or more fossils” has already been gathered, many vf them 
new species, and that this part of the work is in the hands of R. S. 
Whitfield. Among the facts announced we learn that the copper- 
bearing series of Michigan, with its trap, extends nearly uninter- 
a. across the northwestern part of Wisconsin; and in the 
bed of Nemakagon River, numerous masses of native copper have 
been found, associated with the trap, which apparently were not 
far removed from their native bed, indicating that it is a rich 
copper region. 

rof, Irving, one of the geologists of the Survey, reports, amon 
other things, the existence of large quantities of kaolin in Woo 
end Jackson Counties. 
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7. Report of the State Geologist of New Jersey, Professor G. 
H. Coox, for 1876. 56 pp. 8vo.—This report states that the 
triangulation of the State by the Coast Survey has been continued 
through the year. <A large part of the report is occupied with 
facts relating to the subject of water supply, especially for Newark 
and Jersey City, from the Passaic River water-shed. Analyses 
of the waters are given, and some effects on health from bad 
drainage and bad water. The average annual rain-fall deduced 
for all parts of New Jersey is thirty inches, Of this it is estimated, 
for the purpose of the calculations which follow, that forty per 
cent, or twelve inches, may be collected in streams and reservoirs, 
—which is not an over-estimate, since on the Croton water-shed 
it has been found that sixty per cent of the rain-fall runs off in the 
streams. 

8. Salt Region of Goderich, Canada.—Prof. T. Sterry Hunt, 
in a recent article on this region, gives the following section and 
explanations. 

BORING WITH DIAMOND DRILL MR, ATTRILL'S WELL, GODERICH. 


Clay, gravel, and bowlders, 

Dolomite, with a few thin limestone layers, ..-....-.---.. 
Limestone. with fossil corals, chert, and beds of dolomite,... 273 
Dolomite, with thin seams of gypsum, 

Marls, red, green, and krown, with dolomite beds, 

Rock salt; first bed 

Dolomite, with marls toward the base, 

Rock salt: second bed, 

Dolomite, 

Rock salt; third bed, 

Marl, with dolomite and layers of anhydrite, 

Rock salt; fourth bed, 

Marl and dolomite. 

Rock salt; fifth bed, 

Marls, soft, red and bluish, with beds of anhydrite, 

Rock salt; sixth bed, 6 
Marls, soft green and grayish, with dolomite and anhydrite,. 132 

From the above section it will be seen that from the top of the 
marls, which began at 876 feet, we have 641 feet of salt-bearing 
strata, including 126 feet of solid rock salt, and that the base of 
the series, that is to say the magnesian limestone of the Guelph 
formation which underlies it, was not reached. The rock salt is 
represented as forming six beds, but the second and third, and 
also the fourth and fifth, might each be looked upon as forming 
but a single bed, divided in two by a few feet of rock. The whole 
of this thickness of over six hundred feet of strata holds more or 
less salt, disseminated in small masses and in veins. 

The salt of the different beds is not alike in purity. That of 
the upper one is somewhat discolored by an admixture of clay, 
and would need to be refined by solution; the same is true of the 
fourth and fifth beds, while the sixth is pure and white. The 
second and third, which may be considered together as one bed 
of sixty-seven feet of salt, including a layer of seven feet of rock, 
deserves more especial attention. This great mass carries at the 
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top about one foot of colorless and transparent salt, followed by 
about fourteen feet of salt slightly discolored in parts by an 
adinixture of a little clayey matter, and then by 103 feet of per- 
fectly white and translucent salt of singular purity. Below this, 
after seven feet of rock, succeeds thirty feet additional of salt, 
nearly pure, but clouded in parts from the presence of a little clay. 

In concluding, I may call attention to some new points in the 
geology of this salt deposit. By reference to the Geology of 

anada (1863) and the geological map, it will be seen that 
Goderich is situated at the base of the Corniferous or Upper Hel- 
derberg limestone, which here rests directly upon a porous dolo- 
mite (magnesian limestone), supposed to represent the so-called 
water-lime beds at the summit of the Onondaga, as this salt- 
bearing formation has been named. The fossiliferous limestone 
strata known as the Lower Helderberg, which in New York are 
interposed between the salt formation and the Corniferous, have 
not, with the exception of the water-lime, been recognized in 
Western Ontario, The upper part of the Onondaga consists 
chiefly of dolomites, and the lower of marls, often with gypsum 
beds. Analyses of these rocks will be found in the Geology of 
Canada, (pages 625 and 807). Some of them yield excellent hy- 
draulic cements. The whole thickness of this formation on the 
Niagara River is from 200 to 300 feet, but it increases greatly to 
the northwest, as shown by our section. These marls, which are 
mixtures of clay with magnesian carbonate of lime, are often very 
soft, and hence are sometimes called soapstone by the well-borers. 
It is hardly necessary to say that they have nothing in common 
with the true soapstone, or steatite, with which Mr. Gibson con- 
founded them. 

A fact of much interest to the geologist is the occurrence below 
nearly 300 feet of dolomite, of 273 feet of strata in which pure 
limestones prevail, accompanied toward the base with much white 
chert or hornstone. These limestones, for about 180 feet, or to a 
depth of 529 feet, abound in corals, chiefly species of Fuvosites 
like those of the Corniferous limestone. From these facts it 
would seem that the outer ocean, which at that time must have 
already contained the corals of the Corniferous period, invaded 
the area of the salt basin, and there formed the coralline lime- 
stones, after which it was shut out during the formation of the 
upper 278 feet of dolomite, when it again returned, depositing 
over the whole its covering of Corniferous limestone. Geologists 
will await with interest the result of a further study of the organic 
remains of this limestone, and as Mr, Attrill proposes to com- 
mence the work of sinking the shaft in the spring, an op gene | 
will soon be afforded. The task of opening a mine at this dept 
can scarcely be completed in less than two years, and may require 
a longer time. 

9. Glaciers in the Urals during the Glacial Era,—It is reported 
by M. Poliakoff, that there are glacial stri, scratched bowlders, 
and moraine deposits, on the east slope of the Urals, above the 
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level of the stratified sand and gravel. The glacial strie have a 
southeast direction. A lower secondary ridge, the last crossed by 
the highway before Ekaterinburg, has many parallel ranges of 
immense bowlders.— Nature, Feb. 1. 

10. Trilobites—Mr. C. D. Watcort, of Trenton Falls, New 
York, a famous place for Trenton Trilobites, has succeeded in 
finding many specimens that illustrate directly, or by sections, 
the nature of some of the interior organs of the species. He 
has detected in many individuals axial appendages beneath the 
dorsal shell. In Ceraurus pleurexanthemus each segment of the 
thorax and pygidium and the three posterior of the head have 
a pair beneath the axial processes. Those of the thorax and 
pygidium appear to be short cylindrical supports for swimming 
appendages or rudimentary ambulatory organs; and those of the 
head present an obscurely jointed structure. Inthe same species 
there are “obliquely inclined bars beneath the pleural lobes, near 
the union with the free pleure,” which he regards as connected 
with branchial appendages.” In nine of his sections he has counted 
43 such appendages. ‘The bars appear to have had a fleshy or 
muscular support. The greatest number of bars seen in position 
belonging to one appendage is fourteen; it is rare to find them in 
position. Longitudinal sections at the union of the pleural lobes 
and free pleurz show the branchial appendages as rows of dots, 
varying from square to oblong in shape. In Calymene senaria 
these appendages are essentially the same as in Ceraurus. Nume- 
rous central longitudinal sections of Ceraurus show the mem- 
brane covering the visceral cavity beneath the axial lobe. 
Acidaspis Trentonensis is closely like the Ceraurus in the struc- 
ture of its ventral surface. 

The ventral surface in Asaphus platycephalus appears to have 
been strengthened by arches, which supported the double row of 
appendages on each side of the central axis. These are the arches 
which were suspected to be legs by Billings. 

These notes are from a brief paper by Mr. Walcott, from the 
28th Report of the New York State Museum, printed in Septem- 
ber last, in advance of its publication. 

11. Geology and Paleontology of the Argentine Republic. II. 
Paleontological part; 2nd division, on the Rhetian plants and 
animal remains of the Provinces of La Rioja, San Juan, and Men- 
doza, by Dr. H. B. Grrnirz, 16 pp. 4to, with two plates.—The 
species here described by Dr. Geinitz are the fish, Semionotus 

endozaensis Gein., the Crustacean, Estheria Mungaliensis Jones, 
a species first described from Mangali of Nagpur in Central India; 
and among the plants there are the Ferns, Zhinnfeldia crassi- 
nervis Gein., Th.? tenuinervis Gein., Pachypteris Stelzneriana 
Gein., Otopteris Argentinica Gein., Hymenophyllites Mendvzaensis 
Gein., Baiera teniata Braun, Pecopteris tenuis Schouw, a species 
described originally from I. Bornholm, and from Whitby, Eng- 
land, Teniopteris Mareyesiaca Gein.; the Cycad, Pterophyllum 

Am. JOUR, VoL. XIII, No. 7%5.—Marcu, 1877. 
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Oceynhausianum Gipp., a European species, and the Conifer, 
Palissya Brauni Endl. var. minor, Gein. 

12. Mémoire sur les Caractéres Minéralogiques et Stratigraph- 
iques des Roches dites Plutoniennes de la Belgique et de V Ar- 
denne Frangaise, par MM. Cu. De 1a VattkEe Poussin et A. 
Renarp. 264 pp. 4to, with nine plates, six of them containing 
colored figures of thin sections. A detailed account of the rocks 
referred to, based largely on the study of their sections. In the 
quartziferous dioryte of Quenast, the authors distinguished cubic 
crystals in the liquid filling minute cavities in the quartz, and 
proved the crystals to be chloride of sodium or common salt. 

18. Note on the new localities of the Columbic acid minerals, 
and two new Columbates ; by J. LAwRENcE Smitu.—The locality 
near Marion, North Carolina, is now well known, as furnishing 
large and fine specimens of Samarskite. It was doubted by some 
mineralogists whether or not it was true Samarskite. I have been 
able by chemical analysis to establish beyond all doubt that it is 
a very fine type of this rare mineral (the cause of the doubt I will 
refer to another time), confirming Mr. E. 8. Dana’s conclusion, 
based on its crystallographic character. In studying the mineral, 
1 found associated with it three other columbates—one of them 
already known, viz., Euxenite, and two new ones. One is in the 
form of a very characteristic mamillary concretion, and contains 
sixteen per cent of water. The other is found massive, and also 
in regular octahedrons, of which a few have been found; it resem- 
bles somewhat pyrochlore, but differs from it both by its chemical 
and physical characteristics, its specific gravity being 4°85. The 
latter mineral I saw about eight months ago, in the hands of Mr. 
J. Price Ralston, and then supposed it was new. He had sent a 
specimen to Mr. E, 8S. Dana, who gives some of its characters in 
connection with his crystallograpic description of Samarskite, and 
refers it with a query to microlite. Since then Mr. Ralston has 
kindly sent me his crystals, and I have now made out its nature 
thoroughly. The analysis of it will appear in a forthcoming 
paper on the American columbates. 

In addition to the above, I have discovered embedded in the 
beautiful crystals of Amazon stone, from Colorado, very small, 
perfect crystals of columbite. 

14, Bulletin of the Bussey Institution, Jamaica Plain, Boston, 
Mass, Vol. ii, part I. 80 pp. 8vo. 1877.—Among the papers in 
this valuable bulletin there are the following by Prof. F. H. 
Storer: on the amounts of potash and phosphoric acid in several 
kinds of rocks; on the agricultural value of spent dye-woods and 
tan; on the composition of buck-wheat straw; on the fertilizing 
power of roasted leather; notes of experiments in which buck- 
wheat plants were watered with solutions of peat in alkalies. 

From the first, treating of the presence of Phosphates and Pot- 
ash in Rocks, we learn that seven granites, all from eastern 
Massachusetts, excepting one from the base of Monadnock, New 
Hampshire, afforded 2°587 to 7°434 p.c. of potash, and 0°058 to 
1°191 of phosphoric acid. 
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Four syenites, eastern Massachusetts --...---------- 1:407-5°241 0°042-0:066 
Compact blue slate from Somerville -..----.---.---- 3°875-3°913 0-085 
“Trap” from Milk Row Quarry” .--.---- 0°303 0-444 
Wont. 1:007 0-194 
Quartz rock, with streaks of feldspar, West Dedham -- 5°035 0:053 
Beach sand, Essex, Mass. ........--.-------------- 2°384 0°051 
Dune sand, Provincetown, Mass.......-.----------- 0°613 0°050 
Sand from bed near the Bussey Institution --.--..--- 0°891 0°035 
White Berkshire sand used for glass making--------- 0°448-0°630 0-0°021 


15. Heights on Long Island.—The following facts are con- 
tributed in a letter to Professor James D. Dana, from Mr. E, 
Lewis, Jr., of Brooklyn, giving the elevation and position of some 
of the principal hills upon Long Island. The range of hills which 
extends with some interruptions through a considerable portion of 
Long Island, varies from 150 to 384 feet above tide, and is of great 
geological interest. They constitute a prominent feature of the 
great terminal moraine of the ice sheet upon this part of the ocean 
border, and afford, as I have elsewhere shown, data by which 
recent oscillations of the coast may be determined.* Indeed, it is 
by the presence and position of beds of modified drift upon these 
hills, and along their slopes, that the extent of subsidence since 
the bowlder drift was deposited can be made out. 

The heights given are in part from the manuscript records of 
Dr. Hassler, kindly furnished by the Coast Survey office. Others 
are from measurements made by the writer and others. In the 
immediate vicinity of some of the hills whose heights are given 
are others, nearly as high, forming groups, as West Hills and Dix 
Hills groups in Suffolk County. With the heights is given the 
distance of each locality from the City Hall in New York, as laid 
down on the Map of Long Island. Beginning at the extreme 


eastern end of the island we have: 
Elevation. Distance. 


6. Osborn’s (near Riverhead), ......-.-------- 293 68 
1, “ oath of Ooram), 340 “ 
8. West Hills, (High Hill Field, known as Jane’s Hill,' 3544“ a * 
9. Layton’s Hill, (Wheatly),? sin 380 “ 22 
12. John M. Clark’s Hill, 326 * 
13, Smith’s Hill, 332 * 
14, Prospect Hill, (Brooklyn), 


1 Height by Coast Survey 383 feet. I found it by aneroid to be scarcely more 
than 355 feet. A.J. Spooner, Esq., in his memoir of the Hon. Silas Wood, late of 
Huntington, says, ‘‘ He (Mr. Wood), had the elevation of Oakley’s High Hill Field 
taken in October, 1825, by Mr. Abel Ketcham, an accurate surveyor, who deter- 
mined the height to be 3544 feet above the water level of the Sound.” The 


* This Journal for March, 1877. Popular Science Monthly, Feb., 1877. 
+ From U. S. Coast Survey. 
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survey he states was recorded in the Town Reccrds of Huntington. It is possible 
that in transcribing, 353 feet may have been mistaken for 383 feet. 

? The heights of this great mound of unmodified drift is not satisfactorily deter- 
mined. The height given is nearly correct. 

3 Measured from half-tide level by Hon. Stephen Tabor, of Roslyn. 

+ Heights determined by George B. Brainerd, Esq., Engineer in the Brooklyn 
Water Department, and by the writer. 

From the hills mentioned, and from others of the range, exten- 
sive views may be had, and the contour of the island throughout 
its entire breadth studied to great advantage. A striking feature 
observed is the vast, nearly level plain which extends from the 
foot of the hills southward to the Great South Bay. At a distance 
of from one to two miles from the foot of the hills the following 
elevations above tide were determined by early surveys, for the 
Long Island Railroad. I quote from Prime’s History as follows: 


1. Bedford, (in the city of Brooklyn), ......---...-.-------- 73 feet. 
3. - 103 

63 


The average elevation of the “ Plains,” so-called, along the line 
of the railroad, is therefore about 70 feet. Northward of the bills, 
extending to the Sound, the surface is uneven, and no general 
topographical survey of it has been made. We have, however, 
the elevations at several points. Some of these exceed 200 feet, 
and an estimate of the general elevation of the surface formerly 
made, of from 130 to 150 feet, is not far from correct. 


Botany AND Zoouoey. 


1. Dextrorse and Sinistrorse: Which is right and which is left, 
as applied to twining, overlapping in flower-buds, and course of the 
spiral in phyllotaxis? There are two opposite ways of regarding 
it; according to one a hop-vine turns to the left, according to 
the other, to the right; and authorities and usage are divided. 
Uniformity is most desirable, and this seemed to be secured when 
the view taken by Linnzus was adopted by the elder DeCandolle 
and followed “by Mohl, Palm, A. Braun,” Alph. DeCandolle, 
“and other observers.” Still the opposite view is now coming in, 
and if it should prevail against such an array of authority it must 
be because it proves more convenient and sensible in practice. 
From an article in the Gardeners’ Chronicle for January 13, last, 
we learn that the subject was taken up by M. Alph. DeCandolle 
(whose judgment would always be much deferred to) at a recent 
meeting of the Botanical Society of France. As we have seen no 
report at first hand, we make the following extract from the 
Gardeners’ Chronicle. It purports to represent the view and the 
reasoning of another excellent botanist, A. Braun: 
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“ Professor Braun remarks that the best way to follow in de- 
termining the direction of the spiral is to follow the indication of 
the object itself. It is the animal or plant which ascends or de- 
scends, or goes to the right or the left. Again, in the case of an 
animal the position of an observer is of no consequence. We can 
distinguish the right and left sides of the animal, not from our 
position in relation to it, but according to the conformation of the 
animal itself. The animal cannot speak to us and tell us which is 
his left and which his right flank, but we, speaking animals, are 
able to do so.” 

That is to say, the animal—or rather the vertebrate animal— 
having front and back, has consequently a right side and a left. 
But the stem of a plant has none of these relations, neither front 
nor back, therefore neither right nor left. When we predicate 
right or left of a stem, or of a flower-bud, obviously it is the right 
or left of a viewing person. DeCandolle’s illustrations concede 
this, although that of Braun ignores the distinction. When “in 
the case of a river the universal practice is to call the left bank 
that to the left hand of an observer supposed to be following the 
natural onward course of the stream,” this is because it is more 
natural to go with the current, and it is the traveler’s not the 
river’s, right that is designated. So the difference between the 
two schools in the case in hand resolves itself into the position 
which the observer is supposed to occupy. “ M. DeCandolle,” 
following Linneeus, “supposes himself in the center of the coil” 
in the case of a twining stem, Bentham and Darwin suppose 
themselves on the outside,—a more feasible position, as it seems 
to us, and its naturalness is recognized by the mechanic, who 
everywhere regards the common screw as a right handed screw, 
and that in which the spiral rises towards the left of the outside 
observer as a left handed screw. If this is the natural way to look 
at a screw, why not the natural way to look at a twisted stem, or 
a coiled stem? Wherefore we conclude that this way of regard- 
ing the case, as practiced by Bentham and Darwin, is coming into 
vogue in spite of Linnwan authority, on account of its intrinsic 
reasonableness and convenience. A. G. 

2. A Botanical Necrology of 1876.—The list is headed by the 
distinguished name of 

ADOLPHE THEODORE Bronentart, who died in January, 1876, 
just when he had completed the 75th year of his age. The long 
list of his publications began in the year 1820, and was inter- 
rupted only at his decease, his latest communications to the Acad. 
emy of Sciences and to the Botanical Society of France being in 
the year 1875. Some interesting investigations in fossil botany, 
which were in hand when he succumbed, are left unfinished. The 
Bulletin of the Botanical Society of France, under date of Feb. 
25, contains the touching and instructive funeral discourses pro- 
nounced by his colleagues Duchartre, Decaisne, Bureau, Jour- 
dain, Chatin, and others. 

Joun JosErH Bennett, the associate of Robert Brown in all 
the latter part of his life, and his successor as keeper of the Her- 
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baria of the British Museum, up to the close of the year 1870, was 
born January 8, 1801, and died Feb. 29, :876. He was one of 
the best and most amiable of men, one of the most learned and 
the most modest; and his writings, like those of his master, Rob- 
ert Brown, have an importance greatly exceeding their number 
and pretension. There is a biographical notice in Trimen’s Jour- 
nal of Botany, with a good portrait. 

Curist1an Gotrrritp ExRENBERG, whose death, on the 22d of 
June, at the age of 82, was duly announced in this Journal, must 
also be counted among the botanists, against his early convictions 
as respects his life-long work upon the Diatomacez, and some of 
his earliest papers relate to Phanerogamic Botany. His earliest 
botanical paper bears the date of 1820. 

Leopotp Ficket, the Mycologist, author of the classical Fungi 
Rhenani Exsiccati, died at Vienna, May 8, 1876. 

Epwarp Newman, who died, near London, June 12, 1876, at 
the age of 75, was better known as a zoologist than as a botanist, 
but is to be remembered among the botanists and amateurs for his 
well-known History of British Ferns, which has passed through 
four editions, and as the principal editor of the Phytologist, from 
1841 to 1854. 

Josern Carson, M.D., long the professor of Materia Medica in 
the University of Pennsylvania, died at Philadelphia, December 
30, at the age of 68. He was an active general botanist in his 
earlier years. Later his attention in this line was mainly directed 
to the history of medicinal plants, especially those of America. 
In lore of this kind he had no superior, at least since the prema- 
ture death of Hanbury, and in this country he leaves no equal. 
He was an excellent teacher, a firm friend, and a most estimable 
man. Dr. Carson was one of a considerable circle of botanists, 
whose acquaintance the present writer made at Philadelphia more 
than forty years ago, of which there is now only one survivor, 
and he no longer a resident of Philadelphia. A good notice of 
Dr. Carson was contributed to the January number of the Bulle- 
tin of the Torrey Botanical Club, by its worthy President. In it 
the portrait of F. André Michaux, which has for many years 
adorned Dr. Carson’s study, is referred to as “so far as known, 
the only likeness of that botanist extant.” It may be worth 
while to record, that the writer of the present notice is the pos- 
sessor of a daguerreotype likeness of the younger Michaux, taken 
in Paris a year or two before his death, and from which a photo- 
graphic copy has subsequently been taken. 

HELM HormetsTeER, the distinguished vegetable anatomist, 
successor of Von Mohl in the chair of Botany at Tiibingen, as we 
learn, died on the 12th of January last. A. G 

3. Mistletoe ( Viscum ulbum Linn.) —MM. Grandeau and Bouton, 
in chemical examinations of the mistletoe, find that the stem 
differs essentially in composition from that of the tree on which it 
grows, and varies with the species; it contains much more potash 
and phosphoric acid than its supporting tree and much less lime, 


} 
t 
I 


Botany and Zoology. 239 


and seems to live on the tree like a plant on its soil.— Comptes 
Rendus, Jan., 1877; Nuture, Jan. 25, 288. 

4. Observations on Rhizopods.—Prof, Leipy stated that last 
July, in the sphagnum swamps of Tobyhanna, Pocono Mt., Mon- 
roe Co., Pa., he noticed an abundance of a Rhizopod which he 
thought he had not previously seen, and which he at first sup- 
posed to be an undescribed species, but which he now viewed as a 
variety of Hyalosphenia ligata, From this, as previously de- 
scribed, it differs in the test being of a pale sienna color, and per- 
haps of greater thickness, but otherwise is like it. The test is 
compressed pyritorm, with the length and breadth nearly or about 
equal, and the thickness one-half. The lateral orders are ob- 
tusely rounded. The mouth is transversely oval. The sarcode is 
colorless, and attached to the inside of the test by diverging 
threads. The pseudopods are usually from two to three. Meas- 
urements, ‘08 mm. long and broad, and ‘036 thick, with the mouth 
02 broad and ‘008. Others varied from ‘06 long and ‘08 broad, 
to 092 long by ‘064 broad. 

In observing the Pocono variety of Hyalosphenia ligata, and 
the beautiful and well-marked species Hyalosphenia papilio, he 
detected an important point of structure which previously had 
escaped his notice. In the active condition of these, and other 
Difflugians, they are seen with one or more pseudopods extended 
from the mouth of the test, to the margin of which the sarcode is 
attached, as well as by diverging threads to various points of the 
interior of the test. The interval between the body of the sar- 
code and the interior of the test is occupied with water. The 
extent of the interval increases with the increase in number and 
extent of protrusion of the pseudopods, and also varies according 
to the degree of emptiness or repletion with food of the sarcode 
body. When the pseudopods are withdrawn into the mouth of 
the test, the mass of the sarcode expands in a corresponding ratio, 
and the threads of attachment to the inside of the test contract 
in length. The intervening water appears to be displaced through 
small apertures of the lateral borders and fundus of the test, 
which exist in numbers usually from two to half a dozen or more. 

While speaking of Rhizopods, he would ask the attention of 
the Academy to some remarks on recent observations on the 
habits of several species of Ameeba. 

One of the species of Ameba which he had most commonl 
seen, he took to be the Ameba verrucosa of Ehrenberg, wit 
which the A. natans ot Perty, and the A. terriculu of Greef, a 
peared to him to be synonymous, ‘This species he had found in 
many places: in the crevices of the brick pavement in the yard 
attached to his residence, in brick ponds, in the ooze of the rock 
shores of the Schuylkill River, in sphagnum swamps, in mars 
mud, ete. It is remarkable for its sluggish character; and in 
appearance reminds one of a little pile of epithelial scales, or 
fragment of dandruff from the head. Appearing quadrately oval 
or rounded, transparent, and more or less wrinkled, or marked 
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with delicate wavy lines; the pseudopods rise in short obtuse 
mammillary eminences or wave-like ridges, the summits of which 
are composed of transparent ectosare, while the central portion of 
the body is occupied by a thin, pale, diffused, and finely granular 
entosarc. This contains one or more vesicles, usually one, which 
very slowly enlarges, and then less slowly collapses. In addition, 
as part of the structure, an oval granular nucleus is sometimes 
visible. The food contents generally appear not to be abundant, 
and often the creature appears to be empty of food altogether. 
The character of its food is the same as with other. species of 
Ameba. It not unfrequently feeds on Difflugians. In a speci- 
men from sphagnum water, from Vineland, N. J., last August, he 
observed an individual, about the 7; of a millimeter, containing a 
Difflugia and a Trinema together. As observed by him, the spe- 
cies ranges from 3; to } of a millimeter in diameter. 

On the morning of August 27, from some mud adhering to the 
roots of Sparganivm, obtained the day previously in a nearly 
dried-up marsh, at Bristol, Pa., he obtained a drop of material for 
examination with the microscope. After a few moments he ob- 
served an Amba verrucosa, nearly motionless, empty of food, 
with a large central contractile vesicle, and measuring s& of a 
millimeter in diameter. Within a short distance of it, and mov- 
ing directly toward it, was another and more active Ameba, the 
species of which he was not positive. It was, perhaps, the one 
described by Dujardin as A. dimax, by which name, for the pres- 
ent purpose, it may be called. As first noticed, this Ameba was 
limaciform, } of a millimeter long, with a number of conical pseu- 
dopods projecting from the front broader end, which was ;; of a 
mm. wide. The creature contained a number of spherical food 
vacuoles with sienna-colored contents, a large diatome filled with 
enduchrome, besides several clear vacuoles, a posterior contractile 
vesicle, and the usual granular entosare. The A. limax ap- 

roached and came into contact with the motionless A. verrucosa. 

foving to the right, it left a long finger-like pseudopod curved 
around its lower half, and then extended a similar one around the 
upper half until it met the first pseudopod. After a few moments 
the ends of the two pseudopods actually became connate (the 
second time he had observed this phenomenon), and the A. verru- 
cosa was inclosed in the embrace of the A. limag. The latter 
assumed a perfectly circular outline, and after awhile a uniformly 
smooth surface; but the central contractile vesicle remained in 
the same condition, nor did he once observe it enlarge or collapse. 
The A. limaz now moved away with its new capture, and after a 
short time what had been the head end contracted, became 
wrinkled and villous in appearance, while from what had been the 
tail end a number (ten) of conical pseudopods projected. The A. 
verrucosa assumed an oval form, and the contractile vesicle be- 
came indistinct, without collapsing. Moving on, the A. limax 
became more slug-like in shape, measuring about + mm. long, by x4 
mm. broad. The A. verrucosa now appeared inclosed in a large 
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oval clear vacuole, was constricted so as to be gourd-shaped, and 
had lost all traces of its contractile vesicle. Subsequently, the A. 
verrucosa was doubled upon itself; and at this period, the A. 
limax discharged from one side of the tail end, the siliceous case 
of the diatome, which now contained only a shrivelled cord of 
endochrome. Later the A. verruevsa was broken up into five 
spherical granular balls, and these gradually became obscured and 
apparently diffused among the granular contents of the entosare 
of the A. imax. At one moment the five granular balls derived 
from the A. verrucosa appeared to be contained in three vacuoles, 
and the A. dimax had a more contracted and radiate form, and 
then measured ;4, mm. in diameter. 

The observation, from the time of the seizure of the A. verru- 
cosa to its digestion, or disappearance among the granular matter 
of the entosare of the A. dimax, occupied seven hours. 

From naked Ameebe, the test-protected Rhizopods were no 
doubt evolved, and it is a curious sight to observe them swal- 
lowed, home and all, to be digested out of their home, just as the 
contents of diatomes are digested. It was also interesting to ob- 
serve the cannibal Ameeba swallowing another, and appropriating 
its structure to its own, just as we might do a piece of flesh, com- 
pletely, without there being any excrementitious matter to be 
voided.— Proce, Acad. Nat. Sci. Philad., 1876, 197. 

5. Habits of Formica rufu.—Mr. McCoox, speaking of the 
habits of Formica rufa, stated that the ants descending the tree- 
paths, with abdomens swollen with honey dew (called by him 
Repletes), were arrested at the foot of the trees by workers from 
the hill seeking food. Galleries communicating with the hill, 
opened at these points, around and in which numbers of ants were 
huddled engaged in drawing or bestowing rations of honey-dew. 
Similar commissary stations were found under the stones near by. 
The replete reared upon her hind legs, and placed her mouth to 
the mouth of the pensioner, who assumed the same rampant pos- 
ture. Frequently two, sometimes three pensioners were thus fed 
at once by one replete. Apparently the workers engaged in 
building at the hill and galleries had thus resorted to these feed- 
ing places to obtain ordinary food, in the same manner that 
queens, males, and young ants receive it, viz: by disgorgement 
from the abdomens of repletes. The latter commonly yielded 
the honey-dew complacently, but sometimes were seized and ar- 
rested by the pensioners, occasionally with great vigor. 

A number of experiments were described leading to the conelu- 
sion that there was complete amity between the ants of a large 
— of the field, embracing some 1600 hills and countless mil- 
ions of creatures. Insects from hills widely separated always 


fraternized completely when transferred. A number of ants col- 
lected from various hills fraternized in an artificial nest, harmoni- 
ously building galleries and caring for the cocoons. 

It was found that ants immersed in water when replaced upon 
the hills were invariably attacked as enemies; the assailants, be- 
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ing immersed, were themselves in turn assaulted. A number of 
experiments were made which indicated that the bath had tempo- 
rarily destroyed the peculiar odor or other property by which the 
insects recognized their fellows. 

The variety of F. rufa which had colonized in vast numbers on 
the cliff at Rockland opposite the steamboat landing, as observed 
for the last three summers, were found that morning to have 
abandoned the place. No trace of them could be seen in the 
vicinity. The crowds of human beings who occupied the spot 
during the late International regatta had evidently dispersed the 
republic.— Proc, Acad. Nat. Sci. Philad., 1876, p. 200. 

6. The Rhynchophora of America, north of Mexico; by Joun 
L. LEConTE, assisted by Grorcre H. Horn. 456 pp. 8vo, constitut- 
ing vol. xv (December, 1876) of the Proceedings of the American 
Philosophical Society. 

7. A new Echidna (Tachyglossus) from New Guinea.—The 
new species has its rostrum half longer (the length about 6-4 
inches) than either that of the species from southeastern Australia 
or that from Tasmania. It is named Zachyglossus Bruijnii by 
Peters and Doria in a paper published at Genoa.— Nature, Jan. 18. 


IV. AstTRONOMY. 


1. .f New Planet ; C. H. F. Perers. (From letters of January 
22 and 31, dated Litchfield Observatory of Hamilton College, 
Clinton, N. Y.)—On the 17th instant, I saw a planet unknown 
to me in the position approximately of 8° 34" 558 of R. A., and 
+17° 52°7' Decl. ; but the weather thickened so that an accurate 
position could not be obtained before last night, when at ten 
o’clock the stranger was in 8" 30™ 20° of R. A., and +17° 42’ Decl. 
(the reductions having not yet been fully completed). Hence 
the motion was in four days 4" 35° and —11’. The magnitude I 
estimated the 11th.—(Letter of Jan. 22.) 

From LeVerrier’s Bulletin International of January 12, just 
received, I see that the planet I gave you notice of on the 22d 
instant, had already been found at Toulouse, on January 10. 
But through neglect somewhere, the usual notification by tele- 
graph,—as has been customary between European and American 
astronomers during recent years, and for which the Atlantic Cable 
Company has made a liberal concession,—has not reached us. 

I communicate two more observations,—all that weather and 
moonlight have permitted since the 21st,—each from ten compari- 
sons with stars well determined : 


1877. Mean time. a (170). 6 (170). 
Jan, 23. 9" 50™ 45° 8" 27™59°40° +17° 35’ 24°8” 
26. 11" 48™ 515 8" 24™ 23-425 +17° 26’ 15-0" 


—(Letter of January 31.) 

2. Instruments and Publications of the U. 8. Naval Observa- 
tory. Rear Admiral C. H. Davis, Superintendent. Washington, 
1845-1876. Published by authority of the Hon. Secretary of the 
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Navy. 44 pe. 4to, with six plates.—After a brief account of the 
founding of the Observatory, its library, and its position, the 
several instruments are described, the Mural circle and Transit in- 
strument mounted in 1844, the Prime Vertical Transit Instrument 
and 9°6 inch Equatorial mounted in 1845, the Transit circle 
mounted in 1865, and the 26-inch Equatorial mounted in 1873, 
and to the descriptions are added heliotype representations of 
the instruments. 

3. Note of the recent fall of three Meteorie Stones, in Indiuna, 
Missouri, and Kentucky; by J. Lawrence Situ, Louisville, 
Ky. (Communicated.)—-Three meteorites were seen to fall inside 
of a comparatively small region of the United States within the 
space of about one month. These falls were accompanied by some 
interesting phenomena, and in the case of the fall of the twenty- 
first of December, the appearance of the bolide from which it came 
was truly magnificent, and was seen over a large tract of country, 
from west to east. My object at the present time is simply to 
announce these falls, reserving for a future communication fuller 
details, when I have completed their chemical! and mineralogical 
examinations. I will then call attention to an interesting aérolitic 
belt in this country, in which a very large number of meteorites 
have fallen during the past sixteen years. 

No. 1, fell on December twenty-first, 1876, at 8", 40", p.m. This 
remarkable bolide was seen to pass over the States of Kansas, 
Missouri, Illinois, Indiana and Ohio—a distance from east to west 
of about 800 miles. It burst into numerous fragments during its 
passage, producing “a flock of brilliant balls, chasing each other 
across the sky, the number being variously estimated from twenty 
to one hundred.” The passage of it is described in this Journal 
for February, 1877. A piece from this bolide, of a few ounces in 
weight, has been found near Rochester, in Indiana, latitude 41° 8’, 
longitude 86° 12’, and I have received a portion of it for examina- 
tion.* 

No, 2. On January third, 1877, at sunrise, in Warren County, 
Missouri, latitude 38° 50’, longitude 91° 10’, the usual phenomena 
accompanying the falls of meteorites attracted the attention of 
several observers, who saw the stone strike the branch of a tree, 
(which it broke), then fall to the ground, penetrating it slightly, 
and melting the snow that lay on its frozen surface. It was picked 
up immediately after, and a portion of it has been sent to me for 
examination. 

No, 3. On January twenty-third, 1877, in the afternoon, a few 
miles north of Cyntheana, i. latitude 38° 25’, longitude 84° 15’, 
a meteoric stone was seen to fall, accompanied by great atmos- 
pheric disturbance, penetrating the ground to the depth of thirteen 
inches. There was an observer on the ground near the spot where 
it fell, and he immediately dug it up. It weighs about fifteen 
pounds, 

Louisville, Ky., February 6. 

* This is the meteorite which is the subject of Professor C. U. Shepard’s article, 
on page 207. 
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V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Topographical Survey of the State of New York.—As 
announced ina former volume of this Journal, this survey was 
commenced last year, under Mr. James T. Gardner as Director. 
This event, which had been recommended by the Geographical 
Society of New York, appeared to be a promise that topographi- 
cal surveys were now to be carried on over the country which 
would soon put the nation on a level with those of Europe in its 
maps, and in its knowledge of its own industrial resources. But 
the recent recommendation of the Governor of New York threatens 
a stop to the work, and a still longer continuance of faulty maps, 
uncertain lines of roads and boundaries, unknown water-privileges 
and drainage areas, and general topographical ignorance. A 
petition in favor of the survey has been addressed to the legisla- 
ture by the New York Geographical Society, and the Faculties of 
Columbia College, the Polytechnic Institute of Troy, and other 
institutions, and the editors of this Journal hereby send their 
petition to the same effect. 

2. Tour of the Great Lakes: Summer School of Natural His- 
tory.— Professor T. B. Comstock of Cornell University, proposes 
“if sufficient encouragement be given prior to May 1,” to charter 
a steamer for a period of four to six weeks, and start from Buffalo 
or Cleveland, about July 5th, on a tour along the shores of Lakes 
Erie, Huron and Superior, and possibly also Lake Michigan. 
Competent instructors in geology and botany are to be engaged, 
and lectures from specialists are promised. The prospectus states 
that the expenses will not exceed $125 for thirty days and $3.50 
for each additional day. The trip will be limited to thirty days 
unless a majority vote of the pupils decides otherwise. 

3. Elements of Physics, or Natural Philosophy; by Nei 
Arnott, M D., LL.D., F.R.S. Seventh edition. Edited by Alex- 
ander Bain, LL.D., and Alfred Swaine Taylor, M.D., F.R.S. 873 
pp. 8vo. New York, 1877. (D. Appleton & Co)—The first 
edition of the “Elements of Physics” by Dr. Arnott appeared in 
1827, and within four years from that time five large editions were 
called for. The author himself died in March, 1874, but his work 
still lives, with the same popularity which it had on its first appear- 
ance. Its especial excellence lies in its clearness of style and 
fullness of illustration. Each new principle is enforced by many 
familiar examples, which remove the difficulties that the student 
would be likely to find in understanding it if stated in a dry for- 
mal way. The book consequently is throughout eminently inter- 
esting and readable, even for those who have no special knowledge 
of the science. Under the editorship of Professor Bain and Dr. 
Taylor, the new edition of the work is made to include the 
recent advances in the science. 

4. Metric System. Metric Bulletin. —This bulletin, the official 
Journal of the “ American Metric Bureau,” is issued in Boston, 
from 13 Tremont Place. Nos, 3 and 4 were issued together, as the 
number for September and October, 1876. 
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In December, a report was published by the Boston Society of 
Civil Engineers, from “the Standing Committee on the Metric 
System of Weights and Measures,” urging the general adoption 
of the system and giving various facts indicating the great prog- 
ress which has been made in the country toward that end. 

It is expected that the metric system of weights will soon be 
exclusively used in the Post Office Department of the country; 
and hoped that it may be introduced into the Custom House, as 
has been urged for some time by the American Metrological 
Society. These are the best first steps in the change; and when 
once carried out, and teachers do their duty in common schools, 
the change may become general. Compulsory for the people at 
large it cannot be at present. 

5. Illinois Museum of Natural History. Bulletin No.1. 76 
p. 8vo.—This first Bulletin, devoted to the Natural History of 
llinois, contains the following papers: A list of Illinois Crustacea, 

by 8. A. Forbes; The tree in Winter, by F. Brendel; Sodic 
Pinate as a test for lime, by J. A. Sewall; partial catalogue of 
the fishes of Illinois, by E. W. Nelson; on parasitic Fungi, by 
T. J. Burrill; list of the Orthoptera of Illinois, by Cyrus Thomas, 

6. Huronian rocks of the Lake Superior region described by 
Major Brooks.—Thin sections of these rocks, for microscopic ex- 
amination, are prepared by R. Fuess, of Berlin, and may be 
obtained at a small price. The collection contains thirty sections. 

7. Third Annual Report of the Commissioner of Agriculture of 
the Stute of Georgia, for 1876.-—Besides various facts of local 
importance, this report gives analyses of marls from different 
beds, and also of other mineral materials, by P. H. Mell, chemist. 

8. The Applications of Physical Forces; by Amup&e Guit- 
LEMIN. Translated from the French by Mrs. Norman Lockyer, 
and edited, with additions, and notes, by J. Norman Lockyer, 
F.R.S. 742 pp. Roy. 8vo, with colored plates and illustrations. 
London, 1877. (Macmillan & Co.)—This work on physics with 
special reference to its applications, is an example of science well 
simplified and popularized. The editorship of Mr. Lockyer is a 
sufficient warrant that the science is good. The style of publica- 
tion is seldom equalled for beauty in scientific works, the typo- 
graphy, paper, and very numerous illustrations being the best that 
art can accomplish. It treats, under “applications of the laws of 
weight,” of levels, pendulums, balances, hydraulic presses, foun- 
tains, pumps, fire-engines, atmospheric railways, compressed-air 
railways, balloons, etc., etc.; and similarly looks to the practical 
under applications of the phenomena and laws of sound, of light, 
of heat, of magnetism and electricity. Under heat, the art of 
warming is first treated historically and practically ; then practi- 
cal points arising from the conductibility of heat, burning glasses, 
compensating pendulums, distillation, artificial preparation of ice, 
steam engines of various kinds, steam navigation, the locomotive, 
hot-air and gas-engines. The work, therefore, is not only attrac- 
tive in appearance, but also of real value, 
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Science Lectures at South Kensington. A valuable series of lectures, published 
separately, including: Sound and Music, by Dr. W. H. Stone; Photography, by 
Captain Abney, R.E., F.R.S.; Kinematic Models, by Prof. Kennedy, C.E. London 
and New York; Outlines of Field-Geology, by Prof. Geikie; The absorption of light 
and the colors of Natural bodies, by Prof. Stokes. 1875, 1877. (Macmillan & Co.) 

Manchester Science Lectures for the People: What the Earth is composed of, 
three lectures by Professor Roscoe, F.R.S. London and New York. 1876. (Mac- 
millan & Co.) 

OBITUARY. 

Rear Admiral Cuartes Henry Davis died on the eighteenth 
of February, at the age of seventy years, having been born in 
Boston, January 16, 1807. Admiral Davis was Superintendent of 
the Naval Observatory at Washington at the time of his decease, 
and also one of the members of the Light House Board. He be- 
came Superintendent of the “ American Nautical Almanac” in 
1859, the foundation of which was directly owing to his efforts. 
From 1842 to 1849 he was an Assistant in the Coast Survey; and 
one result of his labors, of great value to navigation, was the dis- 
covery of the “New South Shoal” in the track of vessels sailing 
from New York to Europe; and another was the publication of 
a “ Memoir upon the Geological action of the tidal and other cur- 
rents of the ocean, and the Law of deposit of the flood tide,” pre- 
pared after having made a special study along the Atlantic coast 
of the laws of tidal action. He was the author also of several 
able articles on astronomy and geodesy, and published in 1858 a 
translation of Gauss’s “ Theoria Motus Corporum Ceelestium.” 

Rear Admiral Cuau.tes WitkEs died on the eighth of Feb- 
ruary, in the seventy-seventh year of his age. Admiral Wilkes, 
then a Captain, commanded the United States Exploring Expedi- 
tion around the world during the years 1838 to 1842, and pub- 
lished, after its return, a narrative of the expedition in five volumes, 
a hydrographic atlas, containing the maps from the various surveys 
of the expedition (among which are many of coral islands), and a 
meteorological volume. He was a bold, daring explorer, a man 
of strong will and great energy, sure to accomplish whatever he 
undertook. His sailing up Port Jackson, the port of Sydney, 
New South Wales, an intricate narrow bay, seven miles in length, 
one dark night in November, 1839, without pilot, in company 
with the Peacock, the other sloop of war of the expedition, picking 
his way along with the lead and chart, and coming to anchor quietly 
among the shipping of that harbor without arousing a suspicion 
of the foreign invasion in progress, was one of his daring feats. 

AtFRED SEE, the inventor of “Smee’s Battery,” for which 
he received the gold medal of the Society of Arts, and the author 
of works on electro-metallurgy, electro-biology, and other subjects, 
died on the 11th of January, in his 59th year. He was elected a 
Fellow of the Royal Society at the early age of twenty-one, and, 
among his many offices, was Surgeon to the Bank of England.— 
Nature, Jan, 25, 

Professor J. C. PogGEnporFr, editor of the Annalen der Physik 
und Chemie since January, 1824, and long Professor in the Univer- 
sity at Berlin, died the last week of January, in his eighty-first year. 
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